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Functional  Anatomy  and  Evolution  of  Male  Genitalia 
in  Poeciliid  Fishes 

Bonn  Eric  Rosen  & Myron  Gordon 
New  York  Aquarium,  New  York  Zoological  Society 1 

(Plates  I-IV;  Text-figures  1-47) 


I.  Introduction 

WITH  the  resurgence  of  interest  in 
problems  of  systematics  and  the  origin 
of  species,  the  poeciliid  fishes  have 
been  re-examined  by  systematists,  geneticists 
and  animal  behaviorists.  In  connection  with  the 
work  of  the  last  group,  the  importance  of  repro- 
ductive behavior  as  an  isolating  mechanism  has 
been  emphasized.  This,  in  turn,  has  opened  up 
the  subject  of  the  mechanics  of  reproduction  in 
these  viviparous  fishes,  particularly  the  activities 
concerned  with  copulation  and  insemination. 
The  viviparous  mode  of  reproduction  in  poecil- 
iid fishes  is  associated  with  internal  fertilization 
which  is  made  possible  by  the  modification  of 
the  anterior  rays  of  the  anal  fin  of  the  male  into 
a gonopodium,  a complex,  bony  genitalium.  The 
anatomical  structure  of  this  organ  and  of  the 
others  responsible  for  the  various  observed  be- 
haviors has  not  as  yet  been  studied  completely. 
The  present  paper  is,  in  part,  an  attempt  to  iden- 
tify the  various  mechanical  adjustments  in- 
volved in  the  male’s  sexual  maneuvers  and  to 
correlate  them  with  specific  behavioral  details. 

A comparative  survey  of  the  functional  anat- 
omy of  the  gonopodia  of  all  representative  poe- 
ciliids  has  also  been  made  in  order  to  bring  into 
focus  the  underlying  mechanical  types  of  gono- 
podia. By  contrasting  poeciliid  anatomy  and  be- 
havior with  that  of  members  of  other  cyprin- 
odont  families,  material  has  been  obtained  for 
a consideration  of  the  probable  intermediate 
forms  in  the  evolution  of  poeciliid  gonopodia. 
The  fishes  of  the  Family  Poeciliidae  of  the 

1From  the  Genetics  Laboratory  of  the  New  York 
Zoological  Society  at  the  American  Museum  of  Natural 
History,  New  York  24,  N.  Y.  Aided  in  part  by  a grant 
from  the  American  Philosophical  Society. 


Order  Cyprinodontida  (=  Cyprinodontes,  Cy- 
prinodontiformes,  or  Microcyprini  as  recom- 
mended on  page  326  of  Copeia,  1950,  and  by 
Bailey,  1952)  are  found  under  natural  condi- 
tions only  in  the  Americas,  ranging  from  Illinois 
and  New  Jersey  to  Argentina.  Poeciliid  fishes  are 
generally  small,  the  largest  species  not  exceed- 
ing eight  inches;  the  adult  males  of  the  smallest 
species,  Heterandria  formosa,  rarely  exceed 
three-quarters  of  an  inch  in  total  length  (Pis. 
I-III,  Figs.  1-8).  Like  other  cyprinodonts,  poe- 
ciliid fishes  have  the  maxillae  excluded  from  the 
gape  of  the  mouth,  and  in  all  but  two  species  the 
mouth  parts  are  protrusible.  In  the  giant  of  the 
family,  Belonesox  belizanus,  and  in  a smaller, 
related  species  from  Haiti,  Gambusia  beebei,  the 
premaxillae  and  dentaries  are  strengthened  and 
enlarged  and  have  long,  cardiform  teeth.  With 
one  exception,  Tomeurus  gracilis  from  northern 
South  America,  poeciliids  are  viviparous,  giving 
birth  to  as  many  as  315  young  in  a single  brood. 
Some  produce  their  relatively  large  broods  of 
young  at  approximately  monthly  intervals; 
others  have  as  few  as  one  young  at  shorter  in- 
tervals. In  the  latter  or  superfoetacious  group, 
successive  broods  or  individual  embryos  over- 
lap each  other  in  development. 

Under  the  present  taxonomic  arrangement, 
poeciliid  fishes  are  divided  into  six  subfamilies, 
eight  tribes  and  forty-five  genera  (Table  1 ) . The 
members  of  each  tribe  or  subfamily  are  distin- 
guished to  a greater  or  less  degree  by  differences 
in  their  genitalia  and  by  the  manner  in  which 
they  are  distributed  geographically.  The  most 
widely  distributed  poeciliids  belong  to  the  Tribes 
Gambusiini  and  Poeciliini,  for  they  range  from 
middle  or  eastern  United  States  west  to  New 
Mexico  and  south  through  Mexico  and  Central 
America  to  the  north  and  east  coasts  of  South 
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TABLE  1.  Synoptic  List  of  Genera  in  the  Family  Poeciliidae 
with  an  Inventory  of  Their  Gonopodial  Structures1 
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TABLE  1.  Synoptic  List  of  Genera  in  the  Family  Poeciliidae 
with  an  Inventory  of  Their  Gonopodial  Structures1 
( Continued ) 
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1This  list  of  genera  is  modified  from  Hubbs  (1926).  The  presence  or  absence  of  terminal  gonopodial  structures 
listed  is  an  inventory,  not  intended  to  indicate  homologies.  These  are  of  importance  in  any  discussion  of  sexual 
behavior,  taxonomy  and  evolution. 


Representative  specimens  (preserved)  were  examined. 

■'Representative  live  specimens  were  maintained  under 

4 Carlhubbsia  Whitley  (1952)  is  a replacement  synonym 

5No  data  were  available. 

sProbably  should  be  elevated  to  Family  Tomeuridae. 

+Structure,  present. 

—Structure,  reduced. 

’Structure  present  in  some  species  only. 

America;  many  species  inhabit  the  islands  of  the 
Greater  and  Lesser  Antilles  and  the  British  West 
Indies.  Other  poeciliids,  the  Cnesterodontini, 
are  restricted,  for  the  most  part,  to  east-central 
South  America  around  Brazil,  Uruguay  and 
Argentina,  whereas  the  Girardinini  are  found 
only  in  Cuba.  The  xiphophorin  species  are 
found  only  in  the  freshwater  streams  of  the 
Atlantic  slope  from  Mexico  to  Honduras.  The 
distributional  areas  of  the  different  groups  of 
poeciliids  are  illustrated  in  Text-figs.  1-11. 

The  structure  and  arrangement  of  the  ter- 


laboratory  conditions  for  study  of  their  sexual  behavior, 
of  Allophallus  Hubbs  (1936),  which  is  preoccupied. 


minal  bony  elements  of  the  gonopodium  of  poe- 
ciliid fishes  are  widely  used  in  the  systematic 
arrangement  of  the  genera  and  species.  Because 
of  this,  the  new  data  obtained  in  the  present 
study  eventually  will  influence  future  system- 
atic accounts  of  these  fishes.  In  numerous  in- 
stances, the  morphological  relationships  de- 
scribed in  this  paper  reveal  a need  for  at  least  a 
partial  revision  of  the  present  classification.  It 
is  beyond  the  scope  of  this  contribution,  how- 
ever, to  undertake  such  taxonomic  reassessment. 
The  taxonomic  arrangement  followed  is  essen- 
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Text-fig.  1.  Approximate  distributional  area  of  the 
fishes  of  the  Tribe  Gambusiini. 


Text-fig.  3.  Approximate  distributional  area  of  the 
Tribe  Cnesterodontini. 


Text-fig.  2.  Approximate  distributional  area  of  the 
fishes  of  the  Tribe  Heterandriini.  The  distribution 
of  the  Quintanini  is  shown  in  Cuba  and  the  Isle 
of  Pines. 


Text-fig.  4.  Approximate  distributional  area  of  the 
fishes  of  the  Tribe  Girardinini. 
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Text-fig.  5.  Approximate  distributional  area  of  the  Text-fig.  6.  Approximate  distributional  area  of  the 
fishes  of  the  Subfamily  Poeciliopsinae.  fishes  of  the  Subfamily  Xenodexiinae. 


Text-fig.  7.  Approximate  distributional  area  of  the  Text-fig.  8.  Approximate  distributional  area  of  the 
fishes  of  the  Tribe  Poeciliini.  fishes  of  the  Tribe  Xiphophorini. 
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Text-fig.  9.  Approximate  distributional  area  of  the  Text-fig.  10.  Approximate  distributional  area  of 
fishes  of  the  Tribe  Pamphorini.  the  fishes  of  the  Subfamily  Alfarinae. 


Text-fig.  11.  Approximate  distributional  area  of 
the  fishes  of  the  Subfamily  Tomeurinae. 


tially  the  one  in  current  use.  This  was  proposed 
chiefly  by  Regan  (1913)  and  Hubbs  (1926), 
and  has  been  emended  by  Hubbs  (1936),  How- 
ell Rivero  & Hubbs  (1936)  Howell  Rivero  & 
Rivas  (1944),  Hubbs  (1950),  Gordon  & Rosen 
(1951),  and  Rosen  (1952). 

II.  Descriptive  Analysis 

A.  General  Morphology  of  the 
Poeciliid  Gonopodium 

The  anal  fin  of  the  immature  male  and  adult 
female  poeciliid  has  approximately  nine  rays  or 
lepidotrichia  which  are  held  firmly  together  by 
crossing  strands  of  connective  tissue.  By  a com- 
plex series  of  morphogenetic  processes,  the  anal 
fin  of  the  male  poeciliid  is  transformed  into  a 
gonopodium.  In  general  structure,  however,  this 
fin  still  resembles  the  other  median  fins  of  the 
body. 

During  its  development  into  a gonopodium, 
the  anal  fin  passes  through  two  stages:  first,  a 
period  of  differential  growth  in  which  certain 
rays  increase  in  length  while  others  become 
reduced;  and  second,  a period  of  transformation 
in  which  the  undifferentiated  segments  of  cer- 
tain rays  are  changed  into  definite  and  special- 
ized elements.  Both  stages  overlap  somewhat, 
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since  differentiation  begins  prior  to  the  cessation 
of  differential  growth.  A rod-shaped  organ  is 
finally  formed  that  consists  of  three  enlarged 
and  strengthened  lepidotrichia  (the  3rd,  4th  and 
5th),  and  six  smaller  ones  which,  for  the  most 
part,  are  small,  gnarled,  and  lie  close  to  the  base 
of  the  fin. 

Functionally,  the  enlarged  rays,  3,  4 and  5, 
of  the  gonopodium  are  most  important  in  the 
process  of  sperm  transfer  (Text-fig.  12).  Ray 
3 is  the  thickest  and  main  supporting  element  of 
the  gonopodium.  Rays  4 and  5 are  dorsal  to  ray 
3 when  the  male  holds  its  gonopodium  in  a rest- 
ing position,  i.e.,  pointed  caudally.  The  dorsal 
and  ventral  edges  of  rays  3 and  5 flare  out,  while 
ray  4 is  relatively  thin  and  rod-like.  The  gono- 
podium as  a whole  is  rigid  and  I-beam-like  in 
cross-section.  A detailed  morphological  descrip- 
tion of  the  bony  elements  of  the  gonopodium 
of  xiphophorins  (Gordon  & Rosen,  1951) 
may  be  considered  fairly  representative  of  the 
whole  group.  This  may  also  serve  as  an  introduc- 
tion to  the  descriptive  material  which  follows. 

B.  Histology  of  the  Gonopodium 

A study  of  the  histology  of  the  gonopodium 
of  a typical  poeciliid  fish,  the  swordtail  ( Xiph - 
ophorus  helleri ),  was  made.  The  fins  were  de- 
calcified in  nitric  acid  and  phloroglucin  and  cut 
at  7 to  10  microns.  They  were  stained  with  he- 
matoxylin and  eosin  or  Masson’s  modification 
of  Mallory’s  trichrome  stain.  Comparable  prep- 
arations were  made  of  the  anal  fins  of  adult 
females. 

In  cross-sections  cut  through  the  distal  region 
of  the  gonopodium  at  the  level  of  the  blade,  the 
fin  consists  of  compact,  laterally  compressed 
tubes,  each  consisting  of  paired  lepidotrichial 
elements  (PI.  IV,  Fig.  9) . In  some  cross- 
sections  the  claw  of  ray  5a  is  the  dorsal  element; 
in  more  proximal  sections  the  subterminal  seg- 
ments and  the  beginning  of  the  groove  are  in 
the  dorsal  position.  The  distal  serrae  of  ray  4p 
lie  directly  ventral  to  the  claw  of  ray  5a.  Directly 
below  the  elements  of  4p  are  a series  of  uniform 
segments  of  ray  4a  which  constitute  the  prox- 
imal portion  of  the  distal  ramus.  The  most  ven- 
tral portion  of  the  sections  is  occupied  by  the 
hook  of  ray  3 to  which  a gristly  structure  known 
as  the  blade  is  fused. 

The  blade,  which  is  the  last  structure  formed 
in  the  development  of  the  gonopodium,  is  histo- 
logically different  from  the  bony  elements  of 
ray  3.  It  is  also  the  only  part  of  the  gonopodium 
in  which  true  bone  cells  can  be  identified.  The 
bone  cells,  which  lie  in  the  tough  matrix  of  the 
blade,  have  large,  deep-staining  nuclei.  These 
cells  may  have  osteoclastic  functions,  for  osteo- 
blasts are  generally  found  peripheral  to  bone. 


At  the  distal  tip  of  the  fin,  in  cross-section, 
each  of  its  rays  contains  a single,  small  centrally 
located  blood  vessel.  The  rays  are  connected  by 
heavy  collagenous  tissue  which  forms  the  an- 
chor membrane.  Reticular  connective  tissue  lies 
between  the  collagenous  fibers  and  the  epithelial 
membrane  which,  at  this  level,  is  only  one  cell 
thick.  The  reticular  connective  tissue  contains 
capillaries  which  are  enclosed  by  single  cell 
layers  of  endothelium. 

The  central  part  of  the  tip  of  ray  4a  contains 
blood  vessels,  for  the  most  part,  a few  connec- 
tive tissue  cells  which  are  revealed  by  their  nu- 
clei, and  many  fine  collagenous  fibers. 

The  inner  part  of  the  blade,  near  its  proximal 
point,  contains  loose  connective  tissue  only,  but 
farther  out  it  contains,  in  addition,  small  blood 
vessels  surrounded  by  thin  endothelial  cells. 

In  the  region  near  the  posterior  part  of  the 
blade  and  near  the  level  of  the  spines  on  ray  3, 
large  blood  vessels  are  found.  In  this  region  the 
fin  epithelium,  together  with  the  underlyiing 
collagenous  membrane,  begins  to  thicken. 

Sections  cut  through  the  subterminal  region 
of  ray  5 (PI.  IV,  Fig.  10)  show  large,  thin- 
walled  blood  vessels  within  loose  connective  tis- 
sue which  lies  between  the  paired  segments  of 
ray  5a.  Many  erythrocytes  are  clumped  within 
the  meshes  of  the  connective  tissue,  but  this  may 
be  due  to  the  effects  of  sectioning. 

Four  nerve  trunks,  circular  in  cross-section, 
lie  within  the  core  of  ray  4.  In  the  center  of  ray 
3 there  are  two  larger  nerve  trunks  which,  in 
cross-section,  resemble  opposing  parenthesis 
marks.  Nerve  fibers  from  each  trunk  join,  extend 
down  between  the  segments  of  the  fin  ray,  and 
are  distributed  through  the  loose  connective  tis- 
sue. The  latter  is  surrounded  by  a basement 
membrane  of  collagenous  tissue.  The  layer  of 
loose  connective  tissue  is  thick  and  it  is  com- 
posed of  a mixture  of  collagenous  and  reticular 
fibers,  fibroblasts  and  various  wandering  cells. 

Between  fin  ray  and  surface  epithelium, 
strands  of  collagenous  fibers  cross  between  ray 
3 and  4 and  are  attached  to  the  periphery  of 
the  bone  of  ray  4.  Collagenous  fibers  are  also 
firmly  attached  to  the  inner  surfaces  of  the  two 
lateral  grooves  eccentrically  placed  on  the  ven- 
tral margin  of  ray  3.  In  some  places  the  fibers 
continue  up  from  ray  3 to  join  those  of  the 
membrane  between  rays  4 and  5.  The  general 
effect  produced  by  the  crossing  of  the  collage- 
nous fibers  is  the  formation  of  a figure  8 in  cross- 
section,  the  bony  elements  of  ray  3 running 
through  the  ventral  loop  and  the  bony  elements 
of  rays  4a  and  4p  running  through  the  dorsal 
loop  (PI.  IV,  Fig.  11). 

In  the  region  of  the  canoe-like  depression  of 
the  posterior  surface  of  ray  5 (PI.  IV,  Fig.  12), 
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Text-fig.  12.  A.  Topography  of  the  bony  elements  of  the  gonopodium  of  Xiphophorus  helleri 
Heckel.  B.  Distribution  of  the  blood  vessels  in  the  fin  as  in  A,  with  the  bony  elements  not 
indicated.  The  direction  taken  by  the  blood  in  the  major  vessels  is  shown  by  arrows  near  the 
base  of  the  fin. 
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one  of  the  three  blood  vessels  in  the  core  of  ray 
4 has  a heavier  wall  resembling  that  on  an  arter- 
iole. At  this  point  the  large  blood  vessels  in  the 
connective  tissue  ventral  to  ray  3 are  confluent, 
forming  a large  space  or  sinusoid,  which  is  lined 
by  endothelium.  An  arteriole  is  also  present.  In 
general,  the  blood  vessels  of  all  the  rays  in  this 
region  merge  to  some  degree.  Large  vessels  so 
produced  may  be  considered  veins  but  their 
walls  are  thinly  lined  with  endothelial  cells  no 
thicker  than  those  of  the  capillaries.  Toward 
the  base  of  the  fin  (PI.  IV,  Fig.  13),  the  core  of 
ray  3 contains  one  arteriole  and  three  large 
sinusoides. 

The  integument  over  the  gonopodium  varies 
in  thickness,  being  most  prominent  on  the  anter- 
ior margin  of  ray  3,  slightly  less  so  over  the  con- 
cavity of  ray  5.  Within  the  integumentary  layer 
there  are  many  mucus-secreting,  goblet-shaped 
cells  which  are  particularly  dense  in  the  thick- 
ened area  of  ray  3. 

The  development  of  the  integumentary  thick- 
ening along  the  anterior  margin  of  ray  3 in  the 
xiphophorins  compared  with  some  of  the  other 
poeciliids,  is  relatively  moderate.  In  Lebistes, 
for  example,  the  growth  is  quite  prominent,  like 
a tiny,  oval  wattle  that  is  suspended  from  the 
subterminal  region  of  the  gonopodium  by  a 
short,  slightly  narrower  pedicel.  The  growth  is 
a solid,  highly  vascularized  structure  and  tactile 
in  function,  according  to  the  preliminary  unpub- 
lished observations  of  sexual  behavior  in  the 
guppy  by  Miss  Patricia  C.  Kadow.  Various  terms 
have  been  used  for  these  integumentary  thick- 
enings. Langer’s  (1913)  term  was  lofjel,  appar- 
ently because  it  has  a slight  depression  along  the 
margin  facing  the  3rd  ray  and  upon  which  it 
impinges  when  the  gonopodium  is  erected.  For 
the  similar  growth,  Regan  (1913)  used  the  term 
hood  in  his  text  and  prepuce-like  hood  in  the 
legends  for  figures  of  it.  Hubbs  (1926),  in  a 
taxonomic  key,  used  the  “membraneous  swell- 
ing along  the  anterior  margin  of  gonopodium 
modified  into  a prepuce-like  hood”  to  separate 
the  Poeciliini  from  the  Xiphophorini.  In  an- 
other part  of  the  key  he  referred  to  a “knob-like 
enlargement”  on  the  third  ray  in  Alfarini.  Re- 
cently Clark  & Aronson  (1951)  and  Rosen 
(1952)  employed  the  term  gonopodial  hood 
for  the  thickening  on  ray  3 in  Lebistes  and 
Alfaro.  Regardless  of  what  the  various  integu- 
mentary modifications  are  called,  they  are  prob- 
ably homologous,  as  Figs.  14  and  15  of  PI.  IV 
suggest  in  part. 

Below  the  epithelium,  broad  sheets  of  colla- 
genous fibers  surround  fin  rays  3 and  4 in 
such  a way  that  they  describe  a figure  8 around 
them.  Two  long  fibrous  tubes  are  thus  formed 


along  the  long  axis  which  extend  from  the  sub- 
distal  to  the  subproximal  limits  of  the  fin.  Tubu- 
lar tissues  are  joined  together  along  one  edge 
by  the  crossing  of  the  individual  fibers.  Within 
these  tubes  lie  the  fin  rays,  which  are  joined  to 
the  basement  membrane  by  means  of  numerous 
strands  which  originate  in  the  main  sheet  of  the 
collagenous  tissue  and  insert  in  the  walls  of  the 
segment.  Below  the  basement  membrane  are 
large  masses  and  smaller  islands  of  loose  con- 
nective tissue  in  the  matrix  of  which  the  blood 
vessels  are  embedded.  Below  the  dermal  layer  of 
collagen  and  reticular  tissue  lie  the  fin  rays. 

Cross-sections  through  the  gonopodium  re- 
veal clearly  the  bilateral  arrangement  of  the 
paired  mirror-image  components  of  rays  3,  4 
and  5.  The  opposing  bony  segments  of  the  rays 
are  not  completely  fused  where  they  meet  at 
the  central  plane  of  symmetry,  for  between  the 
segments  of  rays  3 and  4 are  large  blood  vessels, 
nerve  trunks  and  loose  connective  tissue. 

The  bone  of  the  fin  rays  is  uniform  in  appear- 
ance; its  texture  is  finely  granular.  The  segments 
which  form  the  supporting  skeletal  framework 
are  hard  and  calcified.  This  is  indicated  by  the 
rapidity  with  which  they  are  stained  by  the 
dye  Alizarin  Red  S,  and  by  the  manner  in  which 
they  fracture  when  injured  mechanically  by  the 
forceful  application  of  a hard  object.  Intersti- 
tial canal  systems  or  periosteal  layers  of  bone 
have  not  been  found.  Sections  cut  at  various 
points  along  the  fin  do  not  reveal  any  regional 
differentiation  in  the  texture  of  the  bone. 

The  anal  fin  of  the  adult  female  has  morpho- 
logical counterparts  of  most  of  the  gonopodial 
structures.  Some  of  the  significant  points  of  dif- 
ference between  the  anal  fin  of  male  and  female 
are  as  follows: 

In  the  female’s  anal  fin,  rays  1 and  2 are  quite 
small,  ray  3 is  the  longest,  and  rays  4,  5,  6,  7, 
8 and  9 are  progressively  shorter.  The  character 
of  each  ray  is  essentially  the  same.  The  first  three 
rays  are  not  bifurcate.  The  last  six  show  pri- 
mary, secondary,  tertiary  and  sometimes  quar- 
ternary bifurcations  at  their  distal  tips  , the  lat- 
ter containing  terminal  connective  tissue  fibrils, 
or  actinotrichia.  On  the  other  hand,  in  the  gono- 
podium, rays  3,  4 and  5 become  much  elongated 
while  the  other  rays  are  reduced;  rays  4 and  5 
have  only  primary  bifurcations  and  these  have 
no  actinotrichia. 

Like  the  male’s  gonopodium,  the  female’s 
anal  fin  is  surrounded  by  a layer  of  epithelium 
which  is  thickest  at  the  anterior  margin  of  ray 
3.  Beneath  the  epithelium  is  a basement  mem- 
brane of  collagenous  fibers,  and  below  this  mem- 
brane are  small  islands  of  loose  connective  tissue. 
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C.  Vascular  System  of  the  Gonopodium 

The  pattern  of  distribution  of  the  blood  ves- 
sels in  the  gonopodium  (Text-fig.  12)  was  de- 
termined both  from  an  examination  of  serial 
cross-sections  of  fixed  fins  and  from  examina- 
tion of  the  intact  fins  of  anaesthetized  X.  helleri 
males  which  were  studied  under  a compound 
microscope  at  a magnification  of  200X,  aided 
by  brilliant  transmitted  light. 

The  main  blood  vessels  in  the  gonopodium 
and  in  the  undifferentiated  anal  fin  of  the  sword- 
tail are  found  generally  within  the  central  cores 
of  the  fin  rays.  Numerous  smaller  vessels  are 
distributed  along  the  surface  of  the  rays  and 
others  are  found  within  the  loose  connective 
tissue  surrounding  the  bony  layer. 

1.  The  Afferent  System 

In  the  region  of  ray  5 there  is  a single  median 
arteriole  which  runs  undivided  almost  to  the  tip 
of  the  fin.  Just  posterior  to  the  proximal  serrae 
of  ray  4p  its  numerous  branches  enter  the  tissues 
that  form  the  trough.  More  distally,  at  the  level 
of  the  proximal  serrae  of  ray  4,  a single  large 
branch  enters  the  extreme  tip  of  the  fin  and  runs 
to  the  distal  serrae,  comes  back  to  the  subter- 
minal segments  and  then  proceeds  down  to  the 
ramus. 

The  center  of  ray  4 contains  a single  median 
arteriole.  This  vessel  is  slightly  larger  and  has  a 
thicker  wall  than  its  counterpart  in  ray  5.  At 
the  level  of  the  proximal  serrae  it  divides  into 
two  smaller  vessels,  one  on  the  anterior  and  the 
other  on  the  posterior  margin  of  ray  4.  The  ves- 
sel on  the  anterior  surface  runs  forward  to  the 
distal  serrae  and  the  ramus.  The  posterior  vessel 
immediately  branches  into  a series  of  tiny  vessels 
of  slightly  greater  than  capillary  size  which  arch 
upward  on  either  side  of  the  successive  proximal 
serrae.  At  the  same  time  it  also  sends  off  small 
vessels  into  the  collagenous  tissue  between  rays 
3 and  4.  It  then  proceeds  forward  to  the  distal 
serrae,  the  ramus  and  the  blade. 

The  arteriole  in  the  core  of  ray  3 proceeds 
unbranched  towards  the  tip  until  it  reaches  the 
level  of  the  spine.  At  this  point  it  sends  off  un- 
paired median  branches  which  loop  ventrally 
between  the  shafts  of  the  spines.  From  there  it 
proceeds  forward  where  it  divides  into  a capil- 
lary network  in  the  tissue  postero-ventral  to  the 
hook. 

2.  The  Efferent  System 

The  arterial  blood  is  supplied  to  the  gonopo- 
dium by  three  vessels,  each  of  which  branches 
at  the  distal  portion  reaching  the  various  spe- 
cialized elements.  The  venous  blood,  however, 
takes  a more  devious  path  from  the  tip  to  the 


base  of  the  fin,  for  there  are  approximately  three 
times  as  many  different  routes  along  which  the 
blood  finally  must  pass  in  order  to  reach  the 
proximal  efferent  trunk-lines. 

Apart  from  its  complex  distribution  among 
the  different  tissues,  another  characteristic  fea- 
ture of  the  venous  blood  is  the  manner  in  which 
it  is  picked  up  from  the  efferent  vessels  by  ana- 
stomosing loops;  these,  in  general,  are  found 
in  the  regions  of  greatest  anatomical  complex- 
ity. For  example,  anastomoses  are  particularly 
common  in  the  regions  of  the  proximal  serrae, 
claw,  distal  serrae,  ramus,  spines  and  hook 
(Text-fig.  12) . The  anastomoses  are  so  arranged 
that  blood  which  enters  the  fin  through  the 
arteriole  of  ray  5 may  be  picked  up  through  a 
network  of  terminal  loops  not  only  by  the  effer- 
ent vessels  of  ray  5 but  also  by  the  efferent  ves- 
sels of  rays  3 and  4. 

The  two  vessels  which  run  along  the  dorsal 
or  exposed  part  of  ray  5 pick  up  blood  from 
the  regions  of  the  ramus,  distal  serrae,  claw,  and 
from  the  trough  of  ray  5.  The  arteriole  of  ray  5 
supplies  the  blood  to  the  regions  of  the  claw 
and  the  trough.  Blood  draining  from  the  distal 
serrae  and  the  ramus  is  derived  from  arterioles 
in  rays  4 and  5. 

The  two  efferent  vessels  which  course  through 
the  core  of  ray  4 drain  almost  the  entire  distal 
portion  of  that  ray.  The  capillary  networks  and 
some  larger  vessels  which  surround  the  distal 
serrae,  subterminal  segments  and  proximal  ser- 
rae empty  into  the  two  median  efferents  pos- 
terior or  ventral  to  the  proximal  serrae.  A single 
small  capillary  draws  blood  from  the  proximal 
portion  of  the  blade  and  empties  it  into  the  ven- 
tral efferent  within  the  core  of  the  fourth  ray. 

The  efferent  vessels  within  the  core  of  ray 
3 are  the  largest  of  all  gonopodial  blood  vessels. 
Their  large  size  is  associated  with  an  increase 
in  the  amount  of  venous  blood  being  drained 
from  the  fin  tissues.  The  total  capacity  of  the 
efferent  system  of  ray  3 is  augmented  by  the 
addition  of  another  large  vessel,  so  that  three 
vessels  constitute  the  ventral  drainage  system  of 
this  ray.  Blood  from  the  arterioles  of  rays  3,  4 
and  5 empties  into  these  vessels,  but  some  of  it 
from  vessels  in  ray  4 is  shunted  off  into  the 
larger  trunk-lines  of  ray  3 (Text-fig.  12) . 

Toward  the  base  of  ray  3 the  three  large 
efferent  vessels  become  confluent  and  the  blood 
empties  into  a single  median  vessel  which  fills 
almost  the  entire  core  of  the  ray. 

From  a general  consideration  of  the  vasculari- 
zation of  the  gonopodium  it  may  be  said  that 
the  vessels  comprising  the  efferent  system  are 
larger  and  more  numerous  than  those  of  the 
afferent  system.  The  blood  enters  the  gonopo- 
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dium  rapidly  via  three  centrally  located  arteri- 
oles, and  drains  slowly  into  a complex  network 
of  peripherally  located  efferent  vessels  which 
merge  successively  to  form  a few  centrally  lo- 
cated vessels  that  empty  into  still  larger  basal 
sinusoides. 

D.  Innervation  of  the  Gonopodium 

Histological  sections  and  whole  mount  prepa- 
rations were  utilized  in  the  analysis  of  the  inner- 
vation of  the  xiphophorin  gonopodium.  The 
following  technique  was  devised  in  order  to 
study  the  distribution  of  the  nerves  in  the  intact 
fin: 

An  adult  male  xiphorphorin  fish  was  lightly 
anaesthetized  and  then  placed  on  a wad  of  moist 
cotton.  The  gonopodium  was  then  grasped  with 
a fine  pair  of  forceps  and  the  fin  cut  off  at  its 
base.  The  excised  fin  was  immediately  placed 
on  a small  plug  of  glass  wool  that  had  been 
moistened  with  a solution  of  0.25%  methylene 
blue  and  0.6%  NaCl  in  100  cc  of  distilled  water. 
By  this  procedure  a thin  film  of  the  dye  was 
kept  in  contact  with  the  fin  and  at  the  same  time 
all  of  the  surface  tissue  was  exposed  to  the  oxy- 
gen of  the  air.  The  fin  was  removed  from  the 
methylene  blue  and  washed  with  tap  water  at 
intervals  of  15  minutes  to  observe  the  effects  of 
the  dye.  A period  of  one  hour  was  generally 
found  sufficient  for  demonstrating  paths  of  in- 
nervation. The  nerves  appeared  as  deep  blue 
fibers,  singly  or  in  bundles. 

There  are  three  main  routes  along  which  the 
gonopodial  nerves  pass,  one  in  the  core  of  each 
ray.  Ray  5 contains  two  nerve  trunks  which  give 
off  a few  small  bundles  proximally  in  the  fin. 
Our  preparations  do  not  reveal  their  relations 
distally.  Ray  4,  at  the  base  of  the  fin,  contains 
four  main  nerve  trunks  of  which  at  least  two 
extend  out  to  the  subdistal  region  of  the  fin 
where  they  break  up  into  individual  fibers.  Some 
of  these  fibers  extend  up  into  the  connective  tis- 
sue between  rays  4 and  5 at  the  level  of  the 
proximal  serrae,  while  others  extend  ventrally 


into  the  tissue  between  rays  3 and  4 at  the  same 
level  (Text-fig.  13). 

The  two  large  nerve  trunks  in  the  core  of 
ray  3 give  off  small  bundles  of  fibers  en  route 
to  the  tip  of  the  fin.  The  bundles  from  the  two 
main  trunks  extend  ventrally  in  the  core  of  the 
ray  before  passing  into  single  larger  bundles. 
These  single  median  bundles  pass  between  the 
paired  segments  of  the  ray  to  the  outside  where 
they  enter  the  loose  connective  tissue  ventral  to 
ray  3 as  individual  fibers. 

The  two  main  nerve  trunks  of  ray  3 become 
arborescent  at  the  level  of  the  spines.  The  prin- 
ciple branches  arch  ventrally  and  insert  medially 
between  the  shafts  of  the  spines  (Text-fig.  13). 

E.  Gonopodial  Suspensorium 
1.  Skeletal  Supports 

The  gonopodial  suspensorium  and  some  of 
the  adjacent  vertebral  elements  form  the  sup- 
porting framework  for  the  gonopodial  muscles. 
The  xiphophorin  suspensorium,  as  described  by 
Langer  (1913)  and  by  Gordon  & Benzer 
(1945),  consists  of  a series  of  sexually  modified 
interhemal  spines  (called  gonactinosts  by  Gor- 
don & Benzer)  which  are  associated  ventrally 
with  the  rays  of  the  gonopodium  through  a 
series  of  pivotal  elements,  the  baseosts  (pterygial 
elements  of  Gordon  & Benzer).  The  gonacti- 
nosts are  associated  dorsally  with  the  ventral 
processes  of  the  vertebrae,  the  modified  hemal 
spines  or  gonapophyses. 

The  most  anterior  hemal  spine  which  origi- 
nates from  the  12th  vertebra  is  highly  modified. 
It  lies  embedded  in  a ligament  connecting  a 
vertebral  centrum  with  the  gonactinosts  and  has 
no  articulation  with  the  surrounding  bony  ele- 
ments. In  ontogeny  this  detached  spine,  called 
a ligastyle  by  Gordon  & Benzer,  moves  an- 
teriorly where  it  functions  as  a partial  support 
for  one  of  the  gonopodial  erector  muscles. 

The  remaining  three  hemal  spines  or  gona- 
pophyses, which  are  radically  modified  in  the 
gonopodial  suspensorial  system,  stem  usually 


Text-i-ig.  13.  Distribution  of  paths  of  innervation  as  revealed  by  methylene  blue  preparations  of  whole 
intact  fins  of  Xiphophorus  helleri  Heckel. 
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Text-fig.  14.  Three  views  of  the  primary  gonactinostal  complex  of  Xiphophorus  helleri  Heckel  composed 
of  the  fused  actinosts  II,  III  and  IV.  A.  Anterior;  B.  Posterior;  C.  Lateral. 


from  the  13th,  14th  and  15th  vertebrae.  Their 
ventral  tips  arch  toward  the  projecting  gonactin- 
osts  below  and  their  posterior  margins  are  sup- 
plied with  tiny  uncinus  processes  which  serve 
as  attachments  for  the  tough  suspensorial  liga- 
ments. 

The  modified  interhemal  spines  form  the 
basic  anchorage  for  the  muscles  of  the  anal  fin. 
In  the  adult  male  poeciliid  fish  they  are  vari- 
ously modified  and  strengthened,  which  enables 
them  to  withstand  the  increased  muscular  ten- 
sion that  is  produced  during  the  forward  move- 
ment of  the  gonopodium.  The  most  anterior 
interhemal,  or  gonactinost,  designated  by  the 
number  I,  is  thick  and  its  tip  points  cephalad 
in  relation  to  the  animal  as  a whole.  Gonactin- 
osts  II,  III  and  IV  are  fused  along  their  edges 
to  form  a flat  spatulate  bone  which  acts  as  a 
unit  in  the  movement  of  the  fin  (Text-fig.  14). 
Gonactinost  V is  a slender  element  with  an  an- 
terior convexity  that  overlaps  the  posterior 
margin  of  gonactinost  IV  (Text-fig.  15).  The 
remaining  four  interhemals  are  referred  to  here 
as  gonactinosts  VI,  VII,  VIII  and  IX  because 
they,  too,  are  definitely  sexually  modified  and 
are  involved  in  gonopodial  movements. 


The  great  freedom  of  movement  that  charac- 
terizes the  anterior  swing  of  the  gonopodium 
is  achieved,  in  part,  by  the  rotation  of  the  fin 
on  tiny  subspherical  ossicles  (the  suspensorial 
baseosts)  that  are  interposed  between  the  bases 
of  the  gonactinosts  and  the  bases  of  the  rays 
of  the  gonopodium  (Text-fig.  16). 

All  of  the  suspensorial  elements,  the  gonopo- 
physes,  gonactinosts  and  baseosts,  are  held  firm- 
ly together  by  a tough  network  of  ligaments  and 
fibrous  connective  tissue. 

The  origins  and  insertions  of  the  gonopodial 
muscles  are  so  arranged  that  they  probably  pro- 
vide a high  degree  of  mechanical  efficiency  for 
the  forward  swing  of  the  gonopodium.  This  is 
gained  principally  from  the  insertion  of  the  in- 
dividual muscle  heads  over  stout  lateral  bars  on 
the  bases  of  the  gonactinosts  onto  the  basal  por- 
tion of  the  rays.  These  lateral  processes  serve  as 
fulcra  for  muscular  movements.  Ventral  to  the 
lateral  processes  on  gonactinost  V and  extending 
laterally  in  the  same  plane  are  a pair  of  ventral 
processes  which  probably  are  effective  in  brac- 
ing fin  ray  5,  preventing  it  from  side-slipping  its 
articulation  during  movement  by  providing  a 
physical  barrier  against  lateral  shift. 
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Text-fig.  15.  Three  views  of  gonactinist  V of  X.  helleri  Heckel.  A.  Anterior;  B.  Posterior;  C.  Lateral. 


The  anterior  gonactinosts,  II,  III  and  IV,  dif- 
fer from  their  serial  homologs,  for  they  are 
fused  to  form  a broad  plate  provided  with  a 
winged  edge  posteriorly.  The  curved  shaft  of 
the  fifth  gonactinost  fits  snugly  within  the  trough 
formed  by  the  two  lateral  wings.  Ventro-later- 
ally  on  the  fused  gonactinostal  plate  are  three 
flattened  processes  whose  distribution  corre- 
sponds to  the  arrangement  of  the  fused  shafts 
of  gonactinosts  II,  III  and  IV.  These  small,  flat 
processes  are  termed  the  intermyomeric  plates 
and  are  probably  homologous  with  the  lateral 
processes  of  the  more  posterior  elements.  These 
plates  separate  individual  muscles  that  arise 
from  a fleshy  origin  on  the  face  of  the  bone  of 
the  gonactinosts. 

There  are  depressions  medial  to  the  trans- 
verse processes  which  open  postero-ventrally. 
Within  these  depressions,  or  basal  fossae,  the 
heads  of  the  baseosts  lie.  The  baseosts,  in  turn, 
articulate  loosely  with  the  bases  of  the  fin  rays. 
The  fin  rays  at  their  bases  are  split  apart  later- 
ally. Their  epiphyseal  portions  flare  upward  and 
away  from  the  median  plane.  These  latter 
processes  are  termed  the  lateral  epiphyseal 


flanges,  and  they  represent  points  of  insertion 
for  the  gonopodial  muscles. 

Each  gonactinost,  except  the  first  and  last 
of  the  series,  has  an  anterior  and  posterior  ar- 
ticular process  by  means  of  which  the  gonactin- 
osts are  joined  together. 

2.  Musculature 

There  are  two  erector  muscles  attached  to  the 
gonopodial  suspensorium  (Text-fig.  17). 

A large  composite  muscle,  the  erector  analis 
major,  originates  on  a terminal  nubbin  on  the 
fused  tips  of  gonactinosts  II,  III  and  IV  and 
inserts  by  tendons  on  the  lateral  epiphyseal 
flanges  of  gonopodial  rays  3 and  4.  A few  muscle 
fibers,  taking  their  origin  on  the  wall  of  the 
gonactinostal  plate,  also  extend  ventrally  to  the 
base  of  ray  3 where  they  insert  by  means  of  fine 
tendons.  The  belly  of  this  muscle  surrounds  the 
plate  of  bone  formed  by  the  fused  gonactinosts 
but  it  is  limited  posteriorly  by  the  superior  and 
inferior  lateral  wings. 

A smaller  muscle,  the  erector  analis  minor,  is 
found  antero-ventrally  to  the  major  erector. 
The  analis  minor  has  a fleshy  origin  on  the  stout 
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Text-fig.  16.  Lateral  view 
of  the  suspensorial  base 
in  Xiphophorus  helleri 
Heckel  showing  the  man- 
ner of  articulation  of  the 
gonopodial  rays  with  the 
suspensorium. 


shaft  of  the  gonactinost  I and  it  inserts  on  the 
overlapping  lateral  epiphyseal  flanges  of  gono- 
podial rays  1 and  2. 

In  the  gonopodial  swing  the  erector  analis 
major  acts  to  bring  the  fin  into  forward  rotation 
in  a plane  parallel  with  the  long  axis  of  the  fish. 
On  purely  mechanical  grounds,  this  muscle 
seems  capable  of  rotating  the  fin  through  an 
arc  of  slightly  greater  than  90°.  The  erector 
analis  minor,  which  is  in  the  path  of  the  for- 
ward rotation,  would  then  be  in  a position  to 
bring  the  fin  still  farther  forward  to  complete 
an  arc  of  about  145°.  However,  both  muscles 
probably  act  together  more  or  less  simultaneous- 
ly in  bringing  the  fin  forward. 

Clark,  Aronson  & Gordon  (1949)  have 
shown  that  the  gonopodium  when  swung  for- 
ward is  also  brought  out  to  one  side.  When  in 
this  position,  the  gonopodium  forms  an  acute 
angle  with  the  plane  of  the  fish’s  long  axis.  The 
lateral  movement  of  the  gonopodium  is  accom- 
plished by  the  action  of  the  two  lateral  rotator 
muscles  which  lie  on  either  side  of  the  medial 
suspensorial  musculature  (Text-fig.  18).  Their 
tendons  insert  on  the  lateral  epiphyseal  flanges 
of  the  fin  rays.  These  are  limbs  of  the  retractor 
ischii  muscle  which  Greene  & Greene  (1913) 
have  shown,  in  the  salmon,  to  act  under  certain 
conditions  as  a protractor  analis.  This  rotator 
muscle  has  a composite  structure  in  xiphophorin 
fishes,  arising  partly  from  the  pelvic  girdle  mus- 
culature and  partly  from  a ventro-lateral  myo- 
mere. 

When  the  gonopodium  is  swung  forward  an- 


tero-laterally  to  assume  the  copulatory  position, 
it  is  held  rigid  for  a period  of  time  sufficiently 
long  for  coitus  to  be  effected.  Clark  & Kamrin 
(1951)  suggest  that  the  forward  position  of  the 
erected  gonopodium  during  copulation  may  be 
maintained,  in  part,  by  the  buttressing  action 
of  a pelvic  fin  with  which  the  gonopodium  is 
swung  forward.  Our  observations  indicate  that 
the  maintenance  of  copulatory  position  is  also 
dependent  upon  the  action  of  a set  of  tensor 
muscles  which  affect  the  orientation  of  the  main 
gonopodial  support  (Text-fig.  18). 

Lateral  to  each  erector  analis  muscle  and  just 
dorsal  to  the  retractor  ischii,  the  insertion  of  a 
heavy  tendon  may  be  traced  posteriorly  to  the 
body  of  a stout  muscle,  the  retractor  analis, 
which  continues  posteriorly,  ventral  to  the  uro- 
somal  hypomeres. 

If  the  two  lateral  slips  of  the  retractor  analis 
contract  simultaneously,  acting  in  the  capacity 
of  tensors,  there  is  a two-fold  effect  on  the  fused 
gonactinosts  and  on  the  baseosts  between  them 
and  the  gonopodial  rays.  Contraction  of  the  re- 
tractor analis  draws  the  ventral  margin  of  the 
gonactinosts  posteriorly,  while  the  rigid  support 
of  the  ligastyle  maintains  the  orientation  of  the 
gonactinosts’  dorsal  margin.  The  complete  effect 
is  a turning  of  the  gonactinostal  support  around 
an  imaginary  axis  located  somewhere  near  its 
dorsal  edge.  The  movement  of  the  ventral  edge 
posteriorly  is  associated  with  an  equivalent  pos- 
terior shift  of  the  baseosts  and  of  the  gonopodial 
rays  which  articulate  with  them.  Maintenance 
of  this  posterior  position  of  the  ventral  margin 
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Text-fig.  17.  The  medial  muscles  in  the  gonopodial  mechanism  in  Xiphophorus  helleri  Heckel. 


of  the  gonactinosts  changes  the  direction  of  pull 
exerted  by  the  erector  analis  muscles  and  by  the 
lateral  rotators.  It  in  effect  places  the  erectors 
and  rotators  in  a more  anterior  position  relative 
to  the  insertions  of  their  tendons  on  the  lateral 
epiphyseal  flanges  of  the  fin  rays.  In  addition, 
a set  of  inclinator  analis  muscles  is  capable  of 
exerting  an  upward  pull  on  the  fin  rays  at  the 
base  of  the  gonopodium  (Text-figs.  19-21 ) . This 
sharpening  of  the  angle  of  insertion  lends  greater 
effectiveness  to  the  operation  of  maintaining  the 
full  erection  of  the  gonopodial  rays  by  the  in- 
clinator analis  muscles. 


The  release  of  the  gonopodium  from  the  cop- 
ulatory  position  (Text-fig.  19)  is  effected  by  re- 
laxation of  the  inclinator  analis,  retractor  analis, 
retractor  ischii  and  the  erector  analis  muscles, 
and  by  the  contraction  of  five  relatively  small 
depressor  analis  muscles.  The  depressor  analis 
muscles  arise  from  the  shafts  of  gonactinosts 
V,  VI,  VII,  VIII  and  IX,  and  they  insert  on  the 
lateral  epiphyseal  flanges  of  their  corresponding 
fin  rays.  In  gross  dissections  the  most  anterior 
depressor  analis  is  difficult  to  locate  because  it 
is  embedded  in  the  trough  formed  by  the  lateral 
wings  of  the  primary  gonactinostal  complex. 


Text-fig.  18.  The  peripheral  muscles  in  the  gonopodial  mechanism  of  Xiphophorus  helleri  Heckel.  The 
difference  in  the  slope  of  the  retractor  ischii  muscle  as  figured  here  from  its  slope  in  Text-fig.  17  is  attri- 
buted to  a difference  in  the  contour  of  the  body  of  the  two  swordtails  studied.  The  swordtail  used  in 
preparing  Text-fig.  17  was  a slender  form  from  the  Rio  Papaloapan  in  Veracruz,  Mexico,  while  the  one 
used  in  preparing  this  figure  was  a deep  bodied  form  from  Atlantida,  Honduras. 
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Text-fig.  19.  Diagram  representing  the  actions  of  the  medial  muscles  during  fin  movement.  Partially 
contracted  muscles  are  stippled,  fully  contracted  muscles  are  blackened.  A to  C,  erection  (abduction); 
D to  F,  relaxation  (adduction). 


It  functions,  however,  like  the  other  depressors, 
and  its  skeletal  attachments  and  other  accom- 
modations are  also  similar. 

The  distribution  of  the  male’s  suspensorial 
musculature  represents  a profound  reorganiza- 
tion of  the  basic  female  pattern.  Each  actinost 
of  the  unmodified  anal  fin  of  the  female  carries 
both  erector  and  depressor  muscles,  and 
there  appears  to  be  no  regional  specialization 
or  organizational  predisposition  to  the  develop- 
ment of  the  characteristic  male  pattern.  In  the 
female,  neither  the  retractor  ischii  nor  the  re- 
tractor analis  is  imposed  upon  the  lateral  boun- 
daries of  the  suspensorial  elements;  both  insert 
basally  on  the  fin  supports.  The  side  to  side 
movement  of  the  female  fin  is  made  possible 


by  the  well-developed  inclinator  analis  muscles 
which  originate  in  the  integument  of  the  body 
wall  and  insert  laterally  on  the  fin  rays.  The 
inclinator  analis  muscles  are  reduced  in  the  male 
and  this  is  not  surprising  since  the  side  move- 
ment of  the  gonopodium  may  be  accredited  to 
the  presence  of  the  large,  laterally  inserted  limbs 
of  the  retractor  ischii. 

In  addition  to  the  suspensorial  muscles,  which 
play  the  major  role  in  gonopodial  movement,  it 
seems  probable  that  the  muscular  complex  of 
the  pelvic  fin  is  in  some  way  important  in  the 
copulatory  maneuvers.  The  retractor  ischii, 
which  may  protract  the  gonopodium,  can  also 
retract  the  pelvic  girdle.  Another  muscle  which 
runs  along  the  mid-ventral  line  of  the  belly,  the 


Text-fig.  20.  Diagram  representing  the  action  of  the  peripheral  muscles  during  fin  erection.  Partially  con- 
tracted muscles  are  stippled,  fully  contracted  muscles  are  blackened. 
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Text-fig.  21.  Diagram  representing  the  unilateral 
action  of  the  laterally  inserted  limbs  of  the  retractor 
analis  muscle  in  bringing  the  gonopodium  out  to 
one  side  during  fin  erection.  Partially  contracted 
muscles  are  stippled,  fully  contracted  muscles  are 
blackened. 


protractor  ischii,  tends  to  protract  the  pelvic 
girdle.  Greene  & Greene  (1913)  state  that  in 
the  salmon  the  protractor  ischii  may  serve  either 
to  create  a ventral  flexion  of  the  body  or  protrac- 
tion of  the  girdle.  The  retractor  ischii  in  the 
salmon  may  also  produce  a ventral  flexion.  It 
does  this  by  fixing  both  the  pelvic  fins  and  the 
anal  fin.  When  other  muscles  are  relaxed,  the 
fins  are  movable,  and  the  action  of  the  retractor 
ischii  is  to  draw  the  ventral  fins  posteriorly. 
Complete  retraction  of  the  ventral  fins  makes 
it  possible,  in  the  salmon,  for  the  retractor  ischii 
to  assume  its  secondary  function  of  drawing  the 
anal  fin  anteriorly.  In  male  poeciliid  fishes  it  is 
likely  that  the  interactions  of  the  muscles  con- 
trolling the  pelvic  fins  with  the  suspensorial  mus- 
cles of  the  gonopodium  are  very  elaborate;  the 
correlated  movements  of  a pelvic  fin  may  be 
mechanically  important  for  swinging  the  gono- 
podium forward. 


Text-fig.  22.  Changes  in  the  external  contours  of  the  gonopodium  of  Xiphophorus  helleri  Heckel  during 
erection,  showing  the  manner  in  which  a groove  is  formed  along  one  side  of  the  fin.  In  the  resting  phase, 
A,  the  much  smaller  rays  6,  7,  8 and  9 are  depressed  on  the  base  of  ray  5.  As  the  gonopodium  begins  its 
swing  downward  and  out  to  one  side  (toward  the  reader),  B and  C,  rays  4 and  5 fall  sideways  and  the 
tissue,  which  relates  the  smaller  posterior  rays,  is  distended.  In  C,  the  beginning  of  a groove  along  the 
side  of  the  gonopodium  facing  the  observer  is  revealed  by  the  deeply  shaded  interior  areas.  In  D,  one  edge 
of  ray  5 is  approaching  the  opposite  edge  of  ray  3 preparatory  to  forming  a closed  channel,  and  the 
posterior  rays  are  further  separated  in  this  region.  Note  position  of  spines  on  ray  3 in  relation  to  the  tip  of 
the  fin.  Note  also  how  both  terminal  holdfast  elements  are  now  facing  in  the  same  direction.  In  E,  the 
gonopodium  is  fully  erected  and  the  opening  at  the  base  of  the  gonopodial  groove  is  facing  upward  and 
slightly  away  from  the  reader.  In  their  completely  distended  condition  in  E,  the  posterior  rays  together 
serve  as  a cup  to  receive  discharged  spermatophores.  The  position  of  the  pelvic  fin  that  is  swung  forward 
with  the  gonopodium  is  indicated  in  E.  The  base  of  this  fin  is  indicated  in  outline  in  A to  D, 


18 


Zoologica:  New  York  Zoological  Society 


[38:  1 


F.  Mechanical  Specializations 
in  the  Gonopodium 

Clark,  Aronson  & Gordon  (1953)  have 
shown  that  in  courtship  and  reproductive  be- 
havior the  male  platyfish  differs  from  the  male 
swordtail  in  certain  specific  movements.  Accord- 
ing to  them,  the  sum  total  of  the  differences  in 
the  behavioral  activities  serve  as  an  effective 
sexual  isolating  mechanism  between  the  two 
sympatric  species.  They  observed  that  in  these 
xiphophorins  the  male,  while  approaching  the 
female,  swings  his  gonopodium  forward  and 
thrusts  the  tip  toward  her  genital  aperture.  In 
these  movements  the  gonopodium  is  swung 
down  and  to  one  side  in  a wide  arc  until  its  tip 
is  directed  forward;  then  it  is  in  a position  pre- 
paratory to  copulation  (Text-fig.  22).  As  the 
gonopodium  is  brought  forward,  intrinsic  me- 
chanical forces  change  the  relative  positions  of 
rays  3,  4 and  5. 

When  a live,  male  xiphophorin  is  observed 
at  rest,  its  sexually  modified  anal  fin  points  caud- 
ally.  It  is  carried  close  to  the  body  with  its  long 
axis  parallel  with  the  long  axis  of  the  fish.  A 
broad  surface  runs  along  the  3rd  and  5th  rays 
of  the  gonopodium.  Thus,  in  cross-section 
(Text-fig.  23)  through  the  3-4-5  complex,  the 
gonopodium  resembles  an  I-beam  with  slightly 
fluted  dorsal  and  rounded  ventral  surfaces 
(Gordon  & Rosen,  1951). 

A large,  strong  baseost  articulates  with  ray  3 
and  provides  the  main  support  for  it,  and  in- 
directly for  the  other  gonopodial  rays.  There 
is  also  a series  of  tiny  baseostal  elements  be- 
tween the  other  points  of  articulation  of  the  sus- 
pensorium  and  the  bases  of  the  rays  of  the  gono- 
podium. These  provide  the  pivotal  elements 
upon  which  the  gonopodium  swings  (Text-fig. 
16). 

Various  anatomic  features  of  the  suspenso- 
rium  seem  to  indicate  that  not  only  are  the  4th 
and  5th  gonopodial  rays  mechanically  supported 
by  ray  3,  but  that  the  movement  of  these  gono- 
podial rays  is  dependent  in  large  part  upon  the 


Text-fig.  23.  Changes  in 
cross-sectional  appearance 
of  the  gonopodium  of 
Xiphophorus  helleri  Hec- 
kel  during  and  prior  to  fin 
movement.  In  the  resting 
phase,  ray  5 is  uppermost. 
A,  resting  phase;  B,  begin- 
ning of  swinging;  C,  erec- 
tion. 

muscular  control  of  the  3rd  ray.  It  would  ap- 
pear, then,  that  the  ray  3 complex  controls  the 
abduction  of  the  gonopodium,  and  that  its  base- 
ost acts  as  the  center  of  gonopodial  movement 
during  swinging.  This  opinion  finds  support  in 
the  fact  that  the  most  conspicuous  musculature 
in  the  gonopodial  suspensorium  takes  its  origin 
on  the  gonactinosts  articulated  with  ray  3 and 
inserts  on  the  base  of  this  ray. 

1.  Mechanics  of  Operation 

A possible  explanation  of  the  action  of  the 
gonopodium  during  copulation  has  been  de- 
rived, in  part,  from  our  observations  of  the 
movement  of  this  fin  in  narcotized  males.  The 
fish  was  placed  on  a wad  of  moist  cotton  and 
with  the  aid  of  a dissecting  needle  the  gonopo- 
dium was  manipulated  so  that  it  was  pivoted 
in  all  possible  directions.  When  the  gonopodium 
was  swung  through  an  arc  similar  to  that  ac- 
complished by  a normal,  sexually  active,  male 
fish,  certain  adjustments  were  observed  in  the 
relative  positions  of  the  gonopodial  rays  3,  4 
and  5. 

Initially,  the  three  rays  are  arranged  one 
above  the  other  with  ray  5 dorsal,  ray  3 ventral. 
Ray  3 articulates  with  a large  baseost,  rays  4 
and  5 each  with  a single  smaller  baseost.  In  the 
resting  position  of  the  gonopodium,  the  baseost 
of  ray  3 is  more  anteriorly  and  ventrally  situated 
than  those  of  rays  4 and  5 (Text-fig.  24).  Al- 
though ray  3 is  longer  than  rays  4 and  5,  both 
rays  4 and  5 extend  beyond  the  3rd  at  the  tip. 

All  the  rays  are  bound  firmly  together  by 
broad  sheets  of  collagenous  fibers  (see  pages  7 & 
8) . The  collagenous  tissue  sheets  are  anchored 
firmly  in  place  by  the  proximal  serrae  of  ray 
4p.  The  tip  of  the  shaft  of  each  serra  is  inclined 
proximad  and  the  pointed  tip  hooks  into  the 
fibrous  sheet  during  fin  movement.  In  addition, 
individual  fibers  or  groups  of  fibers  are  contin- 
uous with  the  walls  of  the  segments  of  ray  3, 
and  the  ventro-lateral  portion  of  the  entire  sheet 
inserts  in  eccentrically  placed  grooves  running 
along  the  lateral  margin  of  this  ray. 
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There  are  two  major  adjustments  in  the  po- 
sitions of  the  fin  rays  during  fin  movement: 
slipping  and  rotation. 

As  the  gonopodium  is  swung  downward  (Text- 
fig.  24,  B) , ray  3 maintains  the  same  relation- 
ship to  the  tip  of  the  fin  as  in  the  resting  condi- 
tion. Rays  4 and  5,  on  the  other  hand,  respond 
to  the  downward  movement  of  the  gonopodium 
and  slip  backward  away  from  the  tip.  The  posi- 
tion of  ray  5 is  behind  ray  3,  and  ray  4 is  ad- 
jacent to  ray  3. 

When  the  gonopodium  reaches  the  half-way 
mark  in  its  downward  and  forward  swing  (Text- 
fig.  24,  C) , the  tips  of  rays  4 and  5 have  slipped 
still  farther  behind  the  tip  of  ray  3.  When  the 
gonopodium  is  swung  beyond  the  mid-point, 
ray  3 advances,  maintaining  approximately  the 


same  position  relative  to  the  tip  of  the  gonopo- 
dium. At  this  point,  rays  4 and  5 fall  side- 
ways along  the  distal  half  of  the  gonopodium.  In 
doing  this,  the  thin  and  flexible  fifth  ray  rotates 
on  its  long  axis  (carrying  ray  4 along  with  it) 
and  its  canoe-like  outer  surface  is  aligned  with 
and  makes  contact  with  the  broad,  rounded 
outer  surface  of  ray  3 (Text-figs.  23,  24) . Thus, 
in  the  distal  half,  a transitory  tube  is  formed 
along  one  side  of  the  gonopodium  through 
which  spermatozoa  may  pass  from  male  to  fe- 
male at  the  time  of  copulation.  The  proximal 
half  of  the  gonopodium,  which  is  not  subject 
to  folding  for  mechanical  reasons  (Text-figs.  22, 
24),  may  be  transformed  into  a closed  chamber 
by  the  action  of  a pelvic  fin;  for,  when  the  gono- 
podium is  swung  forward  and  to  the  right  side 


Text-fig.  24.  Diagram  of  the  mechanics  of  erection  of  rays  3,  4 and  5 of  the  gonopodium  by  the  aid  of 
a model.  Each  ray  is  represented  by  a cylindrical  rod,  ray  3 being  of  greatest  diameter  and  the  most 
ventrally  situated.  The  base  of  each  rod  is  fused  to  a spherical  pivot  which  permits  free  rotation  of  180° 
ventrally  or  laterally  along  any  plane  which  bisects  the  axis  of  rotation  at  the  pivot’s  center.  The  circular 
cross-section  of  each  rod  at  its  free  end  in  A is  bisected  by  a vertical  line.  The  deflection  of  this  line  from 
the  vertical  position  in  B to  E represents  an  equivalent  turning  of  each  rod  around  its  horizontal  axis. 
The  change  in  the  relative  positions  of  the  three  rods  in  relation  to  each  other  is  revealed  by  the  inset  of 
a cross-sectional  view  near  their  free  ends.  The  spiraled  arrows  encircling  the  bases  of  the  slender,  dorsal 
rods  (rays  4 and  5)  in  positions  B to  D represent  torsional  movements  which  take  place  within  the  basal 
regions  of  these  rods.  Torsion,  in  turn,  makes  possible  the  turning  of  the  extremity  of  each  rod  around 
its  horizontal  axis.  Turning  is  indicated  by  the  circular  arrows  which  appear  as  open  rings  at  the  terminus 
of  each  rod.  The  subterminal,  slightly  arched  arrows  in  positions  B to  D represent  the  folding  movements 
of  the  two  slender  rods  downward  adjacent  to  the  broad,  lateral  surface  of  the  ventral  rod.  The  long 
arrow  originating  initially  on  the  ventral  surface  of  the  large,  ventral  rod  (ray  3)  represents  the  path  of 
forward  rotation  for  all  three  rods;  thus,  the  large,  ventral  rod  is  the  focus  of  directional  changes 
during  forward  movement  and  may  be  said  to  guide  the  slender,  dorsal  rods  along  a prescribed  path  to 
their  final  positions  in  E.  In  position  A,  the  free  ends  of  the  three  rods  are  in  line.  In  positions  B to  E, 
the  two  dorsal  rods  are  sliping  backward  away  from  the  tip,  turning  on  their  horizontal  axes,  and 
folding  downward  adjacent  to  the  large  ventral  rod.  Note  that  in  the  arc  described  from  right  to  left  the 
ventral  rod  does  not  turn  around  its  horizontal  axis;  deflection  of  its  vertical  bisector  is  made  possible 
entirely  by  rotation  on  the  basal  pivot.  In  the  final  position,  E,  the  mechanical  adjustments  have  pro- 
duced a triangular  arrangement  of  the  three  rods  in  cross-section,  as  compared  with  their  lineal  arrange- 
ment in  the  initial  position,  A. 
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of  the  fish,  the  right  pelvic  fin  moves  forward 
and  is  applied  to  its  base,  and  when  the  gonopo- 
dium  is  swung  to  the  left,  the  left  pelvic  fin  is 
applied  to  its  base  (Clark,  Aronson  & Gordon, 
1948).  The  chamber  so  formed  may  serve  as 
transitory  sperm  receptacle. 

Theoretically  it  is  possible  to  separate  the  ac 
commodations  for  slipping  and  rotation,  but  in 
actual  practice  this  is  not  possible  because  of 
the  overlapping  in  function  of  the  various  me- 
chanical specializations.  For  example,  the  broad 
sheets  of  collagenous  fibers  serve  a dual  purpose. 
They  bind  the  rays  together,  creating  a firm  but 
flexible  unit.  They  also  provide  a mechanism 
which  controls  rotation  and  prevents  excess  slip- 
ping. 

When,  for  purely  mechanical  reasons,  rays 
4 and  5 have  slipped  backward  away  from  the 
tip  of  the  fin  during  the  initial  phase  of  the 
gonopodial  swing,  stress  is  placed  upon  the  col- 
lagenous tissue  that  binds  the  rays  together  and 
a path  of  stress  travels  transversely  across  the 
fin.  The  idea  that  the  tissue  is  being  stretched 
is  supported  by  study  of  the  gonopodia  of  young 
and  old  males.  The  collagenous  tissue  in  newly 
differentiated  gonopodia  is  uniform  and  un- 
broken. The  collagenous  tissue  in  the  gonopodia 
of  older,  sexually  active  males  is  wrinkled,  the 
irregularities  appearing  as  long  parallel  lines 
running  perpendicular  to  the  axis  of  the  fin, 
i.e.,  from  ray  3 to  ray  5. 

When  the  gonopodium  reaches  the  half-way 
point  in  its  swing  forward,  an  additional  stress 
is  applied  to  the  collagenous  tissue.  But  when 
the  gonopodium  swings  beyond  the  mid-point, 
the  even  greater  stress  placed  on  the  collagenous 
tissue  by  the  slipping  of  rays  4 and  5 causes 
these  two  rays  to  fall  sideways.  The  strain  on 
the  collagenous  tissue  is  distributed  over  the  en- 
tire arc  of  swing  by  a movement  down  and  to 
one  side.  An  exclusively  ventral  movement  of 
the  gonopodium  would  probably  damage  the 
inter-radial  membrane  which  relates  the  rays. 

Many  portions  of  the  fin  rays  are  specially 
adapted  for  radical  changes  in  their  positional 
relationships.  An  adjustment  utilized  principally 
to  accommodate  slipping  is  the  distal  segment 
arc  on  ray  5 (Text-fig.  12).  This  arc  functions 
somewhat  like  a spring,  by  extending  during 
fin  movement  and  relaxing  when  the  fin  returns 
to  the  resting  position.  It  effectively  allows 
greater  slipping  of  ray  5 by  permitting  the  prox- 
imal segments  of  the  ray  to  move  proximad 
without  seriously  changing  the  relationships  at 
the  tip  of  the  fin.  Maintaining  a stable  arrange- 
ment of  the  distalmost  segments  is  necessary 
because  important  gripping  devices  are  located 
here. 


The  ramus  on  ray  4a  is  another  device  used 
to  accommodate  slipping.  As  ray  4 slips  back- 
ward away  from  the  tip  during  gonopodial 
swinging,  the  ramus  slides  over  the  posterior 
surface  of  the  blade,  straightening  out  as  it  does 
so.  In  X.  helleri  where  the  ramus  is  angular, 
fitting  snugly  around  an  angular  blade,  its  func- 
tion is  largely  to  prevent  excess  slipping  of  the 
posterior  rays.  The  swordtail,  X.  helleri,  is  the 
largest  of  the  xiphophorins,  possessing  the  larg- 
est gonopodium.  Mechanical  changes  in  its  fin 
are  more  extensive  and  the  special  ramus  may 
be  a compensatory  adjustment  for  increased 
size. 

The  folding  of  the  gonopodium  to  produce  a 
transitory  tube  for  sperm  passage  is  made  pos- 
sible by  the  rotational  movements  of  rays  3, 
4 and  5 along  their  long  axes  in  the  general 
region  of  the  spines.  Here  the  posterior  surface 
of  ray  5 is  broad,  low,  U-shaped  in  cross-section. 
Its  bilateral  marginal  flanges  curve  upward 
slightly.  The  base  of  the  5th  ray  along  its  longi- 
tudinal axis  adjoins  the  keel-like  formation  of 
the  posterior  segments  of  ray  4.  The  broad  base 
of  ray  5 is  thus  balanced  along  a narrow  ridge 
and  this  permits  it  to  be  tilted  to  either  side 
(Text-fig.  23A). 

Ray  4,  in  turn,  may  rotate  on  the  posterior 
surface  of  ray  3.  The  association  between  rays 
3 and  4 differs  slightly  but  significantly  from 
that  between  rays  4 and  5.  The  anterior  surface 
of  ray  4 is  concave  while  the  posterior  surface 
of  ray  3 is  convex,  appearing  as  a ball  and 
socket  in  cross-section.  This  represents  a more 
efficient  arrangement,  a fact  easily  appreciated 
when  it  is  realized  that  ray  3 is  the  main  axis 
of  rotation.  Thus,  the  transitory  gonopodial  tube 
is  formed  at  the  moment  of  copulation  by  the 
meeting  of  the  lateral  margin  of  one  of  the 
flanges  of  ray  5 with  the  lateral  margin  of  the 
opposing  flange  of  ray  3. 

2.  Copulatory  Mechanisms 

Special  devices  not  directly  related  to  the 
major  mechanical  adjustments  are  found  at  the 
tip  of  the  fin.  Clark,  Aronson  & Gordon  (1949) 
indicated  that  in  X.  maculatus  and  X.  helleri 
certain  projecting  spinous  elements  at  the  tip 
of  the  gonopodium  are  used  by  the  male  to  grip 
the  genital  aperture  of  the  female  during  copu- 
lation. Other  structures,  such  as  the  spines  of 
ray  3,  which  do  not  function  as  gripping  devices, 
may  also  be  effective  in  the  holdfast  mechanism. 

a.  The  Spines  (Sensory  Structures) 

When  the  gonopodium  is  at  rest,  the  posterior 
(dorsal)  surface  of  the  distal  portion  of  ray  3 
is  slightly  curved:  the  hook,  which  is  distal,  is 
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Text-fig.  25.  Changes  in  the  relative  positions  of  the  terminal  specialized  elements  of  the  gonopodium 
in  Xiphophorus  pygmaeus  Hubbs  and  Gordon  during  fin  movement.  In  A,  a line  which  is  perpendicular 
to  the  horizontal  axis  of  ray  3 is  drawn  through  the  extreme  tip  of  the  fin.  The  positions  along  this  line 
which  make  contact  with  rays  3,  4 and  5 are  marked  by  circles  on  these  positions.  Each  position  on 
rays  3 and  4 is  indicated  by  a solid  black  circle,  while  that  on  ray  5 is  marked  by  an  open  circle. 
In  B,  C and  D,  the  changes  in  the  relative  positions  of  the  rays  as  4 and  5 slip  backward  away  from 
the  tip  of  ray  3 are  revealed  by  a distortion  of  the  perpendicular  line  of  reference  in  A.  The  initial  line, 
however,  is  retained  throughout  in  its  original  relation  to  the  horizontal  axis  of  ray  3 in  order  to  bring 
the  amount  of  displacement  of  the  basal  rays  into  sharp  contrast.  Note  (1)  that  the  amount  of  dis- 
placement is  greatest  in  ray  5;  (2)  how  the  paired  spines  become  further  separated  during  movement 
in  response  to  curving  of  the  tip  of  ray  3;  (3)  how  the  dorsal,  terminal  holdfasts  on  rays  4 and  5 rotate 
over  to  a position  adjacent  to  the  ventral  terminal  holdfast  of  ray  3.  Only  the  external  contours  of 
ray  5 have  been  indicated  for  clarity. 


thus  higher  than  the  bases  of  the  spines  which 
are  proximal  to  it  (Text-fig.  25) . The  tips  of  the 
shafts  of  the  spines  arch  anteriorly  (ventrally) 
where  they  come  together  and  form  a compact 
unit.  The  bases  of  the  paired  sets  of  spines  are 
close  together  while  the  tips  of  their  shafts 
flare  out  to  some  degree.  Two  large  nerve 
trunks  enter  the  region  of  the  spines  from  the 
core  of  the  ray;  they  branch  into  the  con- 
nective tissue  between  the  tips  of  the  laterally 
paired  spine  shafts  (Text-fig.  13). 


The  tip  of  ray  3 (the  hook)  is  drawn  pos- 
teriorly by  the  connective  tissue  when  rays  4 and 
5 slip  backward.  In  this  way,  a greater  curva- 
ture is  imparted  to  the  posterior  surface  of  ray 
3,  the  degree  of  curvature  increasing  in  propor- 
tion to  the  slippage  of  rays  4 and  5.  The  shafts 
of  the  spines  respond  to  the  curving  by  spread- 
ing apart  like  the  fingers  on  a hand,  while  the 
laterally  paired  spines  also  become  further  sepa- 
rated. Thus,  the  connective  tissue  is  being 
stretched  both  longitudinally  between  the  tips 
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Text-fig.  26.  Positions  of  the  terminal  elements  of 
rays  3,  4 and  5 of  the  gonopodium  of  Xiphophorus 
maculatus  (Gunther)  at  the  beginning  of  gonopodial 
swinging. 


Text-fig.  27.  Positions  of  the  terminal  elements  of 
rays  3,  4 and  5 of  the  gonopodium  of  Xiphophorus 
helleri  Heckel  at  the  beginning  of  gonopodial 
swinging. 


of  the  shafts  of  the  spines  in  a lateral  series  and 
transversely  across  the  fin  between  the  tips  of 
paired  spines. 

Maximum  spreading  occurs  when  the  fin  is 
fully  erected  and  for  this  reason  it  is  believed 
that  the  spines  function  principally  during  the 
actual  copulatory  act.  Because  of  their  elaborate 
innervation  and  the  absence  of  muscle  tissue  in 
the  gonopodium,  the  spines  probably  serve  a 
sensory  function.  They  may  be  mechanically 
stimulated  when  the  tip  of  the  gonopodium  is 
inserted  into  the  genital  aperture  of  the  female 
and  the  impulse  may  stimulate  the  discharge 
of  spermatophores. 

b.  The  Hook,  the  Claw  and  the  Distal  Serrae, 

Holdfast  Structures 

There  are  two  spinous  elements  in  the  sword- 
tail, the  hook  (ray  3)  and  the  claw  (ray  5), 
which  are  utilized  by  the  male  to  secure  contact 
with  the  female.  These  spinous  elements  are  in- 
serted into  the  female’s  genital  aperture.  When 
the  fin  is  at  rest,  the  claw  is  above  and  in  front  of 
the  hook,  nearer  the  tip  of  the  gonopodium.  Its 
pointed  tip  is  directed  upward  and  proximally. 
As  the  gonopodium  swings  forward,  ray  5 slips 
backward  and  rotates  on  its  axis,  carrying  the 
claw  with  it.  The  slipping  of  ray  5 opens  the  seg- 
ment arc  with  which  the  claw  is  articulated  and 
draws  it  proximally.  This  causes  a slight  rotation 
of  the  claw,  bringing  its  pointed  tip  into  a ver- 
tical position.  In  the  copulatory  position  the 
projecting  tips  of  both  the  claw  and  the  hook 
face  in  approximately  the  same  direction,  al- 
though the  claw  is  now  slightly  behind  the  hook 
(Text-fig.  22).  This  might  explain  why  removal 
of  either  the  claw  or  the  hook  from  a sword- 


tail gonopodium  (unpublished  data  of  Clark  & 
Rosen)  was  not  sufficient  to  prevent  insemina- 
tion in  six  out  of  eight  operated  males. 

In  the  platyfish,  X.  maculatus,  the  holdfast 


Text-fig.  28.  Dorsal  terminal  holdfast  elements 
(claw  and  distal  serrae)  in  the  gonopodia  of  xipho- 
phorin  fishes.  A.  Xiphophorus  helleri  Heckel.  B. 
Xiphophorus  pygmaeus  Hubbs  & Gordon.  C. 
Xiphophorus  montezumae  Jordan  & Snyder. 
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device  for  securing  contact  between  male  and 
female  is  somewhat  different  from  that  of  the 
swordtail.  Functionally,  the  distal  serrae  of  the 
platyfish  replace  the  swordtail  claw.  When  the 
gonopodium  is  moved  forward  to  the  copulatory 
position,  ray  5 is  rotated  over  adjacent  to  ray  3. 


Text-fig.  29.  Profiles  of  the  gonopodial  tips  of  two 
xiphophorin  species  with  the  dorsal  and  ventral 
holdfast  elements  indicated.  The  more  proximal 
position  of  the  ventral  element  is  measured  by  the 
angle  between  the  dorsal  and  ventral  series,  deter- 
mined by  reference  to  a vertical  dropped  from  the 
first  projecting  dorsal  segment.  A.  Xiphophorus 
maculatus  (Gunther),  B.  Xiphophorus  helleri  Heckel. 
These  angles  are  approximately  equal  in  both  spe- 
cies. Note  the  shorter  stem  and  more  proximal 
position  of  the  ventral  hook  in  X.  helleri  (B)  when 
compared  with  the  same  elements  in  X.  maculatus 
(A). 


In  addition,  ray  4,  carrying  the  distal  serrae,  is 
also  forced  to  slip  sideways,  although  not  to 
the  same  extent,  with  the  result  that  in  the 
platyfish  the  hook  and  the  distal  serrae  act  to- 
gether as  the  holdfast  mechanism  (Text-fig.  26) . 
This  relationship  of  the  hook  to  the  distal  serrae 
is  also  found  in  X.  montezumae  and  the  other 
three  species  of  platyfishes  (Y.  variatus,  X. 
xiphidium  and  X.  couchianus ) . 

In  the  gonopodium  of  the  pygmy  swordtail, 
X.  pygmaeus,  the  distal  serrae  and  the  claw  seem 
to  be  equally  important  as  gripping  devices 
(Text-fig.  25).  The  distal  serrae  in  this  species 
are  relatively  larger  than  those  of  X.  helleri 
(Text-figs.  27  and  28),  and  the  claw  is  smaller. 
However,  the  claw  projects  sufficiently  to  func- 
tion as  an  effective  holdfast. 

The  differences  in  the  structure  of  the  hold- 
fast mechanism  between  X.  maculatus  and  X. 
helleri  are  compensating  differences  in  the  sense 
that  the  serrae  and  the  claw  function  similarly 
but  develop  from  different  fin  rays,  i.e.,  are 
probably  not  homologous. 

In  all  xiphophorin  species,  with  the  exception 
of  X.  helleri,  the  distal  serrae  are  probably  func- 
tional in  gripping  the  female.  In  the  resting  fin, 
the  distal  serrae  extend  out  to  the  tip  of  the  epi- 
dermal sheath.  In  these  species  the  long  hook 
is  below  and  behind  the  serrae. 

In  X.  helleri  the  claw,  and  not  the  distal  ser- 
rae, is  important  in  maintaining  contact  during 
copulation.  The  large  claw  in  the  swordtail,  like 
the  claw  in  the  other  species  of  xiphophorins, 
originates  behind  the  distal  serrae.  Associated 
with  the  more  proximal  position  of  the  dorsal 
spinous  element  in  the  swordtail  gonopodium 
is  a decrease  in  the  length  of  the  ventral  hook 
on  ray  3.  This  compensatory  device  in  the 
swordtail  permits  the  two  projecting  holdfast 
tips  to  maintain  the  same  position  relative  to 
each  other,  both  in  the  resting  and  active  fin, 
that  is  observed  in  the  gonopodia  of  the  other 
xiphophorin  species  (Text-fig.  29). 

III.  Comparative  Analysis 
A.  Inter-relationships  of  Gonopodial  Structures 
in  the  Poeciliidae 

1.  Relationship  of  Gonopodial  Length 
to  Body  Size 

Although  the  interactions  of  the  specialized 
gonopodial  elements  involve  such  dynamic 
processes  as  folding  or  rotation  and  the  largely 
compensatory  adjustment  of  slipping,  features 
other  than  intrinsic  mechanical  arrangements 
are  important  in  determining  the  effectiveness 
of  the  gonopodium.  Among  the  additional  ex- 
trinsic factors  are  ( 1 ) the  overall  length  of  the 
gonopodium  in  relation  to  the  length  of  the  fish. 
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and  (2)  the  point  of  origin  of  this  fin  on  the 
male’s  body  (Text-fig.  30). 

Regan  (1913)  thought  that  the  relative  length 
of  the  gonopodium  in  certain  poeciliids  is  re- 
lated to  the  approachability  of  the  female  during 
sexual  activity.  He  implied  that  the  females  of 
species  (like  those  of  Poecilia  and  related  gen- 
era) in  which  the  male’s  gonopodium  is  short 
are  more  receptive  than  females  of  species  (like 
those  of  Gambusia  and  Phallocerus ) in  which 
the  gonopodium  is  long.  Our  recent  studies  do 
not  bear  this  out.  Female  Phallichthys  amates 
and  Poecilistes  pleurospilus  apparently  cooper- 
ate during  the  male’s  sexual  advance  in  a man- 
ner somewhat  comparable  to  that  of  female 
Lebistes  reticulatus. 

The  diagram  of  eight  species  of  representa- 
tive poeciliid  genera  (Text-fig.  30)  indicates 
that  neither  length  nor  position  of  the  gonopo- 
dium in  relation  to  the  fish  as  a whole  shows 
constant  variations  or  any  obvious  structural 
correlatives.  Nevertheless  it  may  eventually  be 
shown  that  the  length  of  the  gonopodium  is 
closely  related  to  special  structural  modifica- 
tions not  yet  detected.  The  combined  items  of 
behavior  and  morphology  are  undoubtedly  co- 
adapted in  different  ways  and  to  varying  degrees 
in  the  different  species  and  genera,  as  illustrated 
by  the  analysis  of  seven  xiphophorin  species 
(discussed  above  on  page  23) . However,  consid- 
ering gonopodial  length  as  a criterion  for  sepa- 
rating the  poeciliid  genera,  two  classes  may  be 
distinguished,  one  of  which  proves  to  be  a natu- 
ral grouping  and  the  other  chiefly  an  artificial 
one. 

The  first  group  includes  the  Tribes  Xipho- 
phorini  and  Pamphorini,  the  Subfamily  Alfari- 
nae  and  the  Tribe  Poeciliini,  the  latter  contain- 
ing seven  genera,  some  of  them  perhaps  only 
nominal  (Text-figs.  37-40).  In  each  of  these 
groups,  the  gonopodium  is  quite  short  in  rela- 
tion to  the  standard  length  of  the  fish  and  the 
fin  has  an  anterior  insertion,  almost  between 
the  pelvic  fins,  which  are  well  developed.  In 
Xiphophorus  the  gonopodium  is  about  25  per 
cent  of  the  standard  length,  and  its  origin  just 
posterior  to  the  pelvic  girdle  is  at  the  vertical 
from  the  origin  of  the  dorsal  fin.  In  both  Alfaro 
and  the  poeciliin  genera  ( Poecilia , Micro  poe- 
cilia, Limia,  Parapoecilia,  Lebistes,  Allopoecilia 
and  Mollienesia) , the  gonopodium  is  conspic- 
uously short,  being  slightly  less  than  25  per  cent 
of  the  standard  length  and  its  origin  is  well  an- 
terior, midway  between  verticals  from  the  ori- 
gins of  the  dorsal  and  pectoral  fins.  On  the  basis 
of  related  gonopodial  characters  Hubbs  (1926) 
grouped  them  in  the  Subfamily  Poeciliinae.  All 
of  them,  for  example,  have  variously  developed 


integumentary  growths  on  the  anterior  margin 
of  the  3rd  ray.  In  the  xiphophorin  species  the 
growths  of  epidermal  and  dermal  tissues  are 
only  moderately  greater  than  in  other  regions, 
whereas  in  poeciliin  species  they  are  quite 
prominent  and  are  of  taxonomic  value. 

The  second  group  includes  the  Subfamilies 
Gambusiinae,  Poeciliopsinae,  Xenodexiinae  and 


Text-fig.  30.  Comparison  of  the  males  of  eight 
representative  species  of  poeciliid  fishes  with  their 
gonopodia  swung  forward  into  the  erected  position. 
The  fish  are  drawn  to  the  same  size  (standard 
length)  to  illustrate  differences  in  the  lengths  and 
relative  positions  of  their  gonopodia.  The  left  ven- 
tral fin  is  cut  off  at  the  base. 
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Text-fig.  31.  Distal  tips  of  the  gonopodia  of  males  of  the  Tribe  Gambusiini.  A.  Gainbusia  nobilis  (Baird 
& Girard).  B.  G.  letnaitrei  Fowler.  C.  G.  nicaraguensis  Gunther.  D.  Belonesox  belizanus  Kner,  E.  G. 
panuco  Hubbs.  F.  Heterophallus  rachowi  (Regan)  ( =Gambusia  atzi  Rosen  & Gordon).  G.  G.  affinis 
(Baird  & Girard). 
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Text-fig.  32.  Distal  tips  of  the  gonopodia  of  males  of  the  Tribe  Heterandriini.  A.  Heterandria  formosa 
Agassiz.  B.  Neoheterandria  elegans  Henn,  after  Henn,  1916.  C.  Pseudoxiphophorus  bimaculatus  Heckel. 
D.  Priapichthys  annectans  Regan,  after  Regan,  1913.  E.  Pseudopoecilia  fria  (Eigenmann  & Henn),  after 
Henn,  1916.  F.  Alloheterandria  nigroventralis  (Eigenmann  & Henn),  after  Henn.  G.  Priapella  bonita 
Meek.  Insert  shows  a spine  enlarged.  H.  Brachyrhaphis  rhabdophora  (Regan),  after  Regan,  1913.  1. 
Allogambusia  tridentiger  (Garman),  after  Meek  & Hildebrand,  1916. 
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Text-fig.  33.  Distal  tip  of  the  gonopodium  of 
Quintana  atrizona  Hubbs,  Tribe  Quintanini. 


Tomeurinae  (Text-figs.  31-36).  In  most  of  these 
fishes  the  greater  length  of  the  gonopodium  is 
associated  with  a reduction  in  the  size  of  the 
pelvic  fins.  The  length  of  the  gonopodium  is  50 
to  70  per  cent  of  the  standard  length.  The  long- 
est gonopodia  in  this  group  are  found  among 
the  girardinins  and  poeciliopsines.  The  most 
anterior  position  of  the  gonopodium  is  to  be 
found  among  the  tomeurines  and  gambusiines. 


namely,  about  2 to  6 scale  rows  posterior  to  a 
vertical  from  the  pectoral  base;  those  of  the 
other  forms  originate  close  to  the  vertical  from 
the  dorsal  fin  origin.  With  reference  to  individ- 
ual gonopodial  characters  and  those  of  the  skull 
and  dentition,  these  genera  form  a heterogen- 
eous assemblage,  having  in  common  only  the 
great  elongation  of  gonopodial  rays  3,  4 and 
5.  The  members  of  this  arbitrary  group  con- 
stitute the  bulk  of  poeciliid  fishes.  They  demon- 
strate a general  trend  toward  elongation  of  the 
gonopodium  and,  at  the  same  time,  the  reduc- 
tion of  size  and  effectiveness  of  the  pelvic  fins. 

2.  Symmetries  and  Asymmetries 
Detailed  descriptions  have  already  been  pre- 
sented of  the  bilateral  arrangement  of  the  paired 
lepidotrichia  of  the  gonopodium  around  a cen- 
tral plane  of  symmetry.  Bilaterally  symmetrical 
gonopodia  are  found  not  only  among  the  males 


B 


E 

Text-fig.  34.  Distal  tips  of  the  gonopodia  of  males  of  the  Tribe  Girardinini.  A.  Girardinus  metallicus 
Foey.  B.  Glaridichthys  uninotatus  (Poey),  after  Phillipi.  1908.  C.  Dactylophallus  denticulatus  (Garman), 
after  Howell  Rivero  & Rivas,  1944.  D.  Allodontium  cuhense  (Eigenmann),  after  Howell  Rivero  & Rivas; 
1944.  E.  Toxus  creolus  Eigenmann,  after  Howell  Rivero,  1946. 
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Text-fig.  35.  Distal  tips  of  the  gonopodia  of  males  of  the  Tribe  Cnesterodontini.  A.  Cnesterodon 
decemmaculatus  (Jenyns),  after  Regan,  1913.  B.  Phallocerus  caudomaculatus  (Hensel).  C.  Diphya- 
cantha  chocoensis  Henn,  after  Henn,  1916.  D.  Darienichthys  dariensis  (Meek  & Hildebrand),  after  Meek 
& Hildebrand,  1916.  E.  Phallotorynus  fasciolatus  Henn,  after  Henn,  1916. 


of  the  Tribe  Xiphophorini  but  also  among  those 
of  the  Poeciliini,  Pamphorini,  Gambusiini,  Het- 
erandriini,  Girardinini,  Cnesterodontini  and  in 
those  of  the  Subfamilies  Tomeurinae  and  Alfa- 
rinae.  The  pattern  of  symmetry  of  the  gonopo- 
dial  rays  follows  essentially  that  of  an  I-beam 
in  which  the  dorsal  and  ventral  flanges  in  dif- 
ferent forms  may  be  expanded  or  depressed. 
This  enables  the  male  to  move  its  gonopodium 
either  to  right  or  left  with  equal  facility;  obser- 
vations confirming  this  in  Xiphophorus  and 
Lebistes  were  made  by  Aronson  & Clark  ( 1952) . 
It  appears,  then,  that  the  mechanical  adjust- 
ments in  the  gonopodia  of  these  fishes  are 
essentially  similar. 

Modifications  of  the  symmetrical  arrange- 
ment are  found  in  different  degrees  in  the  other 
poeciliids.  A climax  of  asymmetry  is  reached  in 
the  fishes  of  the  poeciliopsine  genera  Poeciliop- 


sis,  Poecilistes,  Aulophallus,  Phallichthys,  Carl- 
hub  bsia  and  probably  Phalloptychus  and  in 
Xenodexia  of  the  Subfamily  Xenodexiinae.  The 
intermediate  species  are  Quintana  atrizona  and 
Xenophallus  umbratilis.  In  Quintana,  the  depar- 
ture from  symmetry  consists  solely  of  a slight 
lateral  rotation  of  the  right  half  of  the  posterior 
branch  of  ray  4,  the  possible  significance  of 
which  has  not  yet  been  determined.  In  Xeno- 
phallus, the  development  of  an  asymmetric 
condition  represents  a functional  transition  be- 
tween the  two  groups;  rays  3,  4 and  5 retain  their 
intrinsic  symmetry  but  rays  4 and  5 become 
fixed  in  a folded  position  forming  a thin  groove 
with  the  broad,  flat  segments  of  ray  3 either 
along  the  left  or  right  sides  of  the  gonopodium. 
Thus,  when  the  gonopodium  of  Xenophallus  is 
unfolded  mechanically  it  reveals  its  bilateral 
symmetry;  but  in  its  normal  permanently  folded 
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Text-fig.  36.  Gonopodia  of  males  of  the  Subfamily  Poeciliopsinae.  A.  Poeciliopsis  presidionis  (Jordan 
& Culver).  Rays  3,  4 and  5 are  figured  individually  above.  B.  Poecilistes  pleurospilus  (Gunther).  C. 
Phallichthys  amates  (Miller).  D.  Xenophallus  umbratilis  (Meek). 
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Text-fig.  37.  Distal  tips  of  the  gonopodia  of  males  of  the  Tribe  Poeciliini.  A.  Allopoecilia  caucana 
(Steindachner),  after  Henn,  1916.  B.  Mollienesia  sphenops  Cuvier  & Valenciennes,  from  British  Hon- 
duras. Note  vertical  denticles  on  spines  of  ray  3.  C.  Limia  noblei  Myers.  D.  Mollienesia  sphenops  Cuvier 
& Valenciennes,  from  Veracruz,  Mexico.  Note  angulated  denticles  on  the  spines  of  ray  3.  E.  Lebistes 
reticulatus  (Peters).  F.  Parapoecilia  hollandi  (Henn),  after  Henn,  1916.  G.  Micropoecilia  parae  (Eigen- 
mann),  after  Regan,  1913.  H.  Poecilia  vivipara  Bloch  & Schneider,  after  Hubbs,  1924. 
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state  it  displays  a sinistral  or  dextral  asymmetry. 

A Xenophallus-Yike  asymmetry  is  character- 
istic of  the  other  six  poeciliopsine  genera,  but 
with  the  exception  of  the  dextral  Carlhubbsia 
kidderi  their  rays  are  deflected  always  to  the 
sinistral  position.  In  addition,  the  poeciliopsine 
genera  possess  other  conspicuous  modifications 
of  their  gonopodia  which  have  so  obliterated 
the  basic  internal  symmetry  patterns  of  individ- 
ual rays  that  even  the  intrinsic  symmetries  of  the 
Xenophallus  gonopodium  are  lacking  in  these 
forms.  These  conspicuous  changes  which  pro- 
duce permanently,  sinistrally  of  dextrally,  folded 
rays,  probably  serve  to  increase  the  effectiveness 
of  the  gonopodial  groove.  Perhaps  a perma- 
nently folded  gonopodium  is  required  to  meet 
special  demands  as  yet  undetermined. 

3.  Rotational  and  Adjusting  Mechanisms 
The  configuration  of  the  groove  that  runs 
along  one  side  of  the  erected  symmetrical  or 
asymmetrical  gonopodium  is  dependent  to  some 
extent  on  the  degree  and  kind  of  symmetry  of 
the  bony  elements  and  their  enveloping  tissues. 
The  mechanism  that  guides  the  rays  into  their 
folded  positions  consists  of  two  units,  a tongue 
and  groove  arrangement  between  rays  3 and  4, 
and  a knife  and  beam  relationship  between  rays 
4 and  5 (“canoe”  and  “canoe  support”).  Both 
of  these  devices  enable  the  rays  to  rotate  in  such 
a way  that  they  form  a trough  when  folded.  It  is 
along  this  trough,  almost  of  capillary  dimen- 
sions, that  spermatophores  undoubtedly  pass 
from  male  to  female  during  copulation. 


Text-fig.  39.  Distal  tip  of  the  gonopodium  of  Pain- 
phorichthys  minor  (Garman).  Our  studies  suggest 
that  Pamphorichthys  may  be  a synonym  of  Para- 
poecilia,  see  Text-fig.  37,  F. 

In  those  species  possessing  symmetrical  gono- 
podia, the  rotational  elements  make  possible  the 
formation  of  a trough  on  either  side  of  the  fin. 
In  xiphophorin  fishes,  the  anterior  (ventral) 
center  of  rotation  between  rays  3 and  4 is  lo- 
cated distally  in  the  fin  just  proximal  to  the 
spines  of  ray  3.  In  lateral  view  the  segments  of 
ray  3 arch  gently  upward  until  their  posterior, 
rounded  portions  are  almost  in  contact  with  the 
concave  surface  formed  by  two  halves  of  ray  4a 
(Text-fig.  12).  The  effective  ventral  rotational 
surface  in  these  gonopodia  extends  nearly  to 
the  base  of  the  fin.  The  posterior  (dorsal)  center 
of  folding,  which  brings  ray  5 down  adjacent 
to  ray  4 in  the  erected  fin,  originates  about  5 
segments  proximal  to  the  proximal  serrae  of 
ray  4p  at  the  point  where  the  elements  of  ray  5 
broaden  and  flare  out.  The  basal  supporting 
knife-like  portion  of  this  system,  upon  which 
ray  5 rests,  consists  entirely  of  the  raised,  slender 
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Text-fig.  40.  Distal  tips  of  the  gonopodia  of  males 
of  the  Subfamily  Alfarinae.  A.  Alfaro  cultratus 
(Regan).  B.  Alfaro  huberi  (Fowler). 


segments  of  ray  4p.  Viewed  laterally,  these  seg- 
ments together  resemble  a depressed  bell-shaped 
curve,  the  raised  but  flattened  region  serving 
to  support  ray  5.  This  ridge  extends  proximally 
to  within  10  to  15  segments  from  the  base  of 
the  fin.  The  canoe-like  outer  surface  of  ray  5 


extends  for  a comparable  distance  along  the  fin; 
the  under-surface  of  this  trough  has  a grooved 
appearance  for  receiving  the  projecting  ridge 
below  it. 

In  the  species  of  the  Tribe  Girardinini,  the 
rotational  elements  are  similar  to  those  of  the 
Xiphophorini,  but  they  are  longer  and  firmer 
in  proportion  to  the  increased  length  of  the  fin. 
The  segments  of  ray  3 are  completely  fused 
proximal  to  the  spines  in  most  girardinin  gono- 
podia, forming  a large,  effective  surface.  The 
genus  Toxus  is  an  exception;  in  it  the  segmenta- 
tion has  not  been  lost  and  the  posterior  surface 
of  ray  3 does  not  meet  the  anterior,  concave 
face  of  ray  4a.  Its  modifications  are  still  com- 
pletely effective  in  rotational  movements,  how- 
ever. The  dorsal  rotational  elements  of  all  gi- 
rardinins,  including  Toxus,  work  on  the  same 
principle  that  applies  for  xiphophorin  fishes. 

In  the  cnesterodontins,  Cnesterodon,  Darien- 
ichthys,  Diphyacantha  and  Phallocerus,  the  ro- 
tational centers  are  similar  to  those  of  the  gi- 
rardinins  except  that  the  initial  distance  between 
rays  3 and  4a  at  the  tip  of  the  fin  is  less.  Phallo- 
torynus,  however,  has  a curious  inversion  in  the 
ray  5 portion  of  the  dorsal  system.  The  sup- 
porting ridge  of  ray  4p  in  this  genus  has  been 
replaced  by  an  inverted  ridge  of  comparable 
form  which  is  composed  of  the  segments  of  ray 
5a  that  rest  on  the  depressed  4p  elements  below. 
In  the  Tribes  Gambusiini  and  Heterandriini, 
which  are  included  in  the  Subfamily  Gambu- 
siinae,  the  rotational  elements  are  depressed  as 
in  Toxus  and  the  fins  are  long  as  in  the  Girar- 
dinini and  Cnesterodontini.  In  the  Poeciliini, 
a feature  is  present  relating  the  fishes  of  this  tribe 
functionally  with  Phallotorynus.  In  some  mem- 
bers of  this  group,  the  elements  of  ray  5a  project 
downward  and  terminate  in  denticulate  process- 
es that  rest  on  the  lightly  raised  platform  in  the 
same  fashion  as  the  inverted  ridge  of  Phallotory- 
nus. The  ventral  elements  in  the  Poeciliini  are 
composed  chiefly  of  extensions  on  the  posterior 
margin  of  ray  3 which  offer  support  to  ray  4a. 


Text-fig.  41.  Distal  tip  of  the  gonopodium  of  Tomeurus  gracilis  Eigenmann,  Subfamily  Tomeurinae, 
probably  Family  Tomeuridae. 
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Frequently  these  extensions  grade  into  the 
spines,  producing  the  characteristic  denticula- 
tions  which  are  found  in  Gambusia— and  also  in 
Mollienisia. 

Fishes  which  possess  asymmetrical  gonopodia 
lack  the  typical  rotational  elements  described 
above.  The  permanently  folded  condition  of 
their  gonopodia  suggests  that  rotational  ele- 
ments either  are  of  specialized  form  or  do  not 
function  as  such.  In  Xenophallus,  which  retains 
an  intrinsic  gonopodial  symmetry,  the  ventral 
rotational  center  is  fully  developed,  possibly  in- 
dicating that  some  further  rotatory  movements 
do  occur  here.  The  dorsal  system,  however,  is 
absent  and  the  ray  5 complex  appears  to  be 
folded  maximally  against  ray  4.  In  the  other 
poeciliopsine  genera,  rudiments  of  both  the  dor- 
sal and  ventral  systems  are  present;  in  Poecili- 
opsis  and  Poecilistes  they  are  mainly  vestigial. 

Despite  structural  differences  that  appear  in 
the  fully  mature  and  completely  crystallized 
gonopodia  of  the  symmetrical  and  asymmetrical 
groups,  certain  features  of  similarity  are  present 
in  the  gonopodial  morphogenesis  of  both,  which 
may  indicate  their  possible  mode  of  evolution. 
In  both,  the  elaboration  of  a gonopodium  begins 
with  a perfectly  symmetrical  median  fin.  In  the 
early  stages  of  sexual  differentiation,  rays  3,  4 
and  5 elongate.  While  differential  growth  is  pro- 
gressing, differentiation  of  specialized  elements 
occurs  to  produce  the  individual  segmentation 
patterns  that  characterize  each  species.  The  ele- 
ments that  appear  first  in  their  final  state  are 
located  proximally  in  the  fin.  This  is  the  region 
in  which  the  rotational  movements  take  place 
in  fishes  with  symmetrical  gonopodia. 

In  the  latter  fishes,  the  rotational  centers  are 
built  up  into  a functional  mechanism  long  be- 
fore the  terminal  elements  are  differentiated. 
In  fishes  possessing  asymmetrical  gonopodia, 
the  same  sequence  of  developmental  processes 
takes  place,  i.e.,  a symmetrically  arranged  rota- 
tional mechanism  is  formed  first.  In  the  asym- 
metrical types,  however,  all  the  gonopodial 
segments  become  further  specialized.  In  this 
process,  the  4th  and  5th  rays,  together  with 
elements  of  the  rotational  mechanism,  produce 
a sinistral  folding  during  morphogenesis.  Only 
after  this  has  been  accomplished  do  the  rays 
then  lose  their  intrinsic  symmetry  by  the  addi- 
tion of  new  structures  and  the  realignment  of  the 
lepidotrichial  elements.  This  circumstance  sug- 
gests that  forms  ancestral  to  the  poeciliopsines 
possessed  symmetrical  gonopodia;  in  evolution 
their  gonopodia  were  probably  further  modified 
to  produce  the  asymmetrical  type  with  its  per- 
manent, left-sided  gonopodial  groove.  Our  nu- 
merous and  repeated  observations  of  the  living 


poeciliopsines,  Phallichthys  amates  and  Poecil- 
istes pleurospilus,  indicate  that  permanent,  sin- 
istral folding  of  the  gonopodium  restricts  cop- 
ulation to  the  sinistral  position.  In  contrast,  so 
far  as  known,  fishes  with  symmetrical  gonopo- 
dia are  able  to  copulate  from  either  side. 

4.  Terminal  Specializations 
Whereas  the  subdistal  specializations  of  the 
gonopodial  segments  are  concerned  primarily 
with  mechanical  adjustments  in  forward  move- 
ments of  this  fin  prior  to  copulation,  the  terminal 
elements  appear  to  act  during  copulation.  When 
classified  according  to  function,  the  terminal 
specialized  elements  fall  into  at  least  five  cate- 
gories, discussed  in  sections  “a”  to  “e”  below. 
The  most  distal  elements  are  simple  in  form,  be- 
ing trowel-shaped  or  merely  pointed.  In  many 
species,  the  portion  of  the  gonopodium  that  is  in- 
serted into  the  female’s  genital  opening  during 
copulation  is  supplemented  by  holdfast  devices 
which  serve  to  secure  and  maintain  contact  be- 
tween the  sexes.  The  holdfasts,  which  usually 
consist  of  serrae  or  barbs,  mostly  retrorse,  are 
aided  by  two  kinds  of  stabilizing  mechanisms. 
The  internal  mechanisms  assist  in  retaining  the 
alignment  of  the  rays,  while  the  external  kinds 
steady  the  gonopodium  during  insertion.  The 
effectiveness  of  the  terminal  complex  is  probably 
mediated,  in  part,  by  a fifth  series  of  specialized 
elements  on  the  terminal  portion  of  ray  3,  the 
spines,  which  appear  to  serve  a sensory  function. 
When  all  of  the  necessary  mechanical  operations 
have  been  successfully  fulfilled,  these  sensory 
structures  may  then  stimulate  the  discharge  of 
spermatophores. 

a.  Organs  of  Contact  and  Insertion 

Actual  insertion  of  the  gonopodial  tip  during 
copulation  has  been  definitely  observed  in  only 
three  species  of  two  genera  of  poeciliids,  namely, 
Xiphophorus  and  Lebistes.  In  Xiphophorus,  the 
inserted  portion  is  shaped  like  a trowel  and  con- 
sists of  the  terminal  elements  of  rays  4a  and  4p. 
These  segments  project  out  at  the  tip  and  form  a 
rigid  platform  that  is  pointed  distally.  In  Lebistes 
and  other  poeciliin  genera,  and  in  the  genera 
Alfaro  and  Pamphorichthys,  rays  3,  4 and  5 
participate  in  producing  a pointed  tip,  with  ray 
4,  the  longest  of  the  rays,  forming  the  apex.  In 
Heterandria  and  Pseudoxiphophorus,  insertion 
is  probably  effected  by  a single  fused  element 
originating  at  the  tip  of  ray  4a.  Insertion  of  the 
gonopodial  tip  has  not  been  established  for  any 
other  poeciliid  genera,  and  for  some  it  appears 
uncertain  that  insertion  is  possible.  In  most  gam- 
busiines,  the  gonopodial  tip  is  blunt  and  supplied 
with  antrorse  projections  which  would  seem  to 


34 


Zoologica:  New  York  Zoological  Society 


[38:  1 


impede  rather  than  aid  insertion.  In  the  cnes- 
terodintins,  girardinins  and  in  Tomeurus,  out- 
growths of  the  3rd  ray  probably  prevent  inser- 
tion altogether.  Insertion  of  the  slender  tip  in  the 
poeciliopsine  genera  is  mechanically  possible, 
but  our  observations  on  living  Phallichthys  sug- 
gest that  contact  is,  as  a rule,  not  enduring  and 
that  if  insertion  is  effected,  it  is  only  in  a very 
small  percentage  of  the  total  contacts,  as  in 
Xiphophorus. 

b.  Holdfast  Devices 

In  those  genera  in  which  insertion  is  regularly 
achieved,  contact  is  maintained  by  the  presence 
of  holdfast  devices  that  usually  project  from  rays 
3 and  4.  In  Xiphophorus  the  holdfast  mechanism 
is  composed  of  dorsal  and  ventral  segments:  the 
dorsal  distal  serrae  (or  claw  on  ray  5a)  and  the 
ventral  hook.  In  Priapella,  only  the  ventral  hook 
is  present,  while  in  the  Gambusiini  only  dor- 
sal claws  are  found.  In  many  poeciliins  small 
claws  are  found  embedded  in  the  tissue  above 
ray  5;  these  may  play  some  role  as  holdfast 
devices.  On  the  other  hand,  many  poeciliin  spe- 
cies normally  lack  claws.  In  this  connection, 
Sengiin  (1949)  and  Clark  & Aronson  (1951) 
have  shown  that  a claw  in  Lebistes  is  not  essen- 
tial for  successful  copulation.  They  amputated 
the  tips  of  gonopodia,  which  regenerated  in  time, 
but  some  guppies  lacked  the  claws.  Neverthe- 
less clawless  male  guppies  could  still  inseminate 
females.  These  experiments,  of  course,  were 
carried  out  under  laboratory  conditions.  It  is 
highly  probable,  however,  that  Lebistes,  living 
under  natural  conditions,  in  rapid  waters,  as 
they  do  in  parts  of  Trinidad,  require  their  claws 
for  successful  sexual  contacts. 

c.  Organs  of  Internal  Stabilization 

When  the  gonopodium  is  held  erect  prior  to 
and  during  copulation,  stress  is  applied  to  the 
connective  tissue  which  binds  the  rays  together. 
During  erection,  in  the  absence  of  any  compen- 
satory adjustments,  the  alignment  of  the  termi- 
nal elements  would  probably  be  disturbed  by 
the  tension  so  established.  The  proximal  serrae 
of  ray  4p,  however,  anchor  the  binding  tissues 
and  thus  maintain  the  relationships  of  the  ter- 
minal features.  This  device  is  found  almost  uni- 
versally in  poeciliid  gonopodia.  Proximal  serrae 
are  lacking  in  only  three  known  species,  in 
Alfaro  cultratus,  Tomeurus  gracilis  and  Xeno- 
phallus  umbratilis.  In  the  last,  with  an  asym- 
metric gonopodium,  at  least  partial  folding  is 
already  accomplished  during  gonopodial  de- 
velopment. 

d.  Organs  of  External  Stabilization 

In  the  gonopodium,  rigidity  of  another  sort 


apparently  is  required  in  some  species  before 
successful  copulation  may  be  effected.  This  is 
provided  by  slender,  hyaline  processes  that  orig- 
inate either  from  the  membraneous  tissue  ven- 
tral to  ray  3 or  from  the  terminal  portion  of  ray 
3 itself.  In  the  girardinins  these  processes, 
formed  from  extensions  of  the  subradial  tissues, 
are  paired  and  antler-like,  rarely  extending  be- 
yond the  tip  of  the  fin.  Similar  outgrowths  or 
papillae  are  found  in  the  poeciliins,  pamphorins 
and  alfarines,  but  in  these  groups  the  processes 
are  unpaired  median  structures  that  are  cupped 
around  the  ventral  margin  of  the  gonopodium. 
Clark  & Aronson  ( 1951 ) found  nerve  fibres  and 
possibly  some  nerve  endings  in  comparable  tis- 
sues of  Lebistes;  these  structures  may  thus  be 
sensory  in  function.  The  ventral  processes  in 
the  cnesterodontins  are  unpaired  like  those 
of  the  poeciliins,  but  they  are  formed  from 
sheathed  bony  elements  originating  at  the  ter- 
minus of  ray  3.  Occasionally,  as  in  Cnesterodon, 
Phallocerus  and  Phallotorynus,  the  pedicular 
portions  of  these  outgrowths  are  loosely  asso- 
ciated with  the  elements  of  ray  4a.  In  Phallo- 
torynus,  the  distal  end  of  the  pedicel  supports 
a complex,  bulbous  structure  with  a trough  on 
its  posterior  margin.  This  structure  was  first  de- 
scribed by  Henn  (1916)  who  thought  that  it 
acted  as  a receptacle  for  spermatophores  before 
they  were  transferred  to  the  genital  pore  of  the 
female.  However,  when  the  gonopodium  is  ro- 
tated forward  and  erected,  the  originally  ven- 
tral ray  3 is  brought  into  a dorsal  position  with 
the  exposed  ventral  surface  and  all  its  appen- 
dages and  papillae  facing  upward.  When  contact 
is  made  with  a female  and  the  tip  of  the  gono- 
podium is  directed  toward  the  genital  pore,  the 
flexible,  hyaline  processes  would  rest  against  the 
soft  tissue  surrounding  the  female’s  genitalium. 
Under  these  conditions  the  outgrowths  of  the 
3rd  ray  might  act  as  props  or  supports  to  steady 
the  gonopodium.  In  Tomeurus  gracilis,  bony 
and  subradial  tissue  supports  are  present,  both 
of  which  are  well  developed.  In  this  form  it 
seems  doubtful  that  genital  insertion  is  effected; 
it  is  more  probable  that  the  terminal  specializa- 
tions of  its  gonopodium  serve  as  claspers  during 
the  transfer  of  sperm  (Text-fig.  41). 

e.  Sensory  Structures 

Our  studies  on  the  innervation  of  the  gono- 
podium suggest  that  in  some  fishes  when 
erection,  insertion  and  fixation  have  been  suc- 
cessfully attained  during  the  male’s  maneuvers, 
the  series  of  spines  on  ray  3 may  act  as  sensory 
receptors  which  stimulate  the  release  of  sperm- 
atophores. The  gonopodia  of  the  seven  species 
of  Xiphophorus,  of  Mollienesia  sphenops,  Poe- 
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cilia  vivipara,  Limia  noblei,  Limia  versicolor, 
Limia  melanotata  and  Lebistes  reticulatus, 
possess  an  elaborate  system  of  nerve  fibers  that 
extend  down  to  the  spine’s  shafts.  The  sensory 
nature  of  these  elements  has  been  deduced 
partly  from  changes  in  their  relative  positions 
during  erection  of  the  fin,  when  their  shafts 
are  spread  apart  and  held  rigid  under  a tension 
established  by  the  taut  connective  tissue  matrix. 
There  are  8 to  12  long  spines  in  the  gonopodia 
of  Xiphophorus  and  a slightly  greater  number 
in  Lebistes.  The  spines  are  more  numerous  in 
other  poeciliins  but  they  are  shorter.  In  the 
gambusiins  of  the  West  Indies  and  in  some  from 
the  mainland,  Gambusia  nobilis,  G.  panuco  and 
G.  nicaraguensis,  the  spines  are  numerous  and 
quite  long.  Spines  occur  in  the  gonopodia  of 
representative  species  of  every  poeciliid  group, 
although  in  some  cases— i.e.,  Heterandria,  Pseu- 
doxiphophorus  and  some  girardinins  and  cnes- 
terodontins— they  are  so  reduced  as  to  suggest 
the  absence  of  any  specified  function.  In  those 
species  possessing  long  spines  in  their  gonopodia, 
the  effectiveness  of  these  elements  as  possible 
sensory  receptors  depends  (1)  on  the  lengths 
of  their  shafts  for  leverage,  (2)  adequate  hinge- 
joints  at  their  bases  permitting  free  rotation, 
(3)  the  number  of  spines  in  series,  and  (4)  the 
flexibility  of  the  unit  as  a whole.  Possibly  when 
the  spines  are  numerous  but  reduced  in  size,  as 
in  Belonesox  belizanus,  Gambusia  affinis  and 
others,  they  may  subserve  a kinaesthetic  sen- 
sory function,  responding  to  change  in  internal 
pressure  within  the  fin  rather  than  to  direct  ex- 
ternal tactile  stimulation.  In  Limia  vittata  and 
L.  nigrofasciata,  the  spines  are  quite  long  but 
their  shafts  flare  out  laterally  to  form  a broad, 
oblanceolate  platform,  the  edges  of  which  sup- 
port the  base  of  the  gonopodial  hood  (Text-fig. 
38).  In  these  two  species  the  entire  sensory 
function  of  the  spines  is  probably  assumed  by 
their  papillae.  Similar  arrangements  are  found 
in  Alfaro  (Rosen,  1952). 

B.  Sexual  Specializations  of  the  Anal  Fin  in 
Other  Members  of  the  Order  Cyprinodontida 

Among  the  species  of  the  Order  Cyprinodon- 
tida, a wide  variety  of  anal  fin  modifications 
have  been  described  in  the  males,  from  the 
simple  fins  utilized  principally  in  maintaining 
vertical  stability  in  water  in  such  oviparous  gen- 
era as  Cyprinodon  and  Rivulus  to  the  elaborate, 
highly  modified  and  specialized  fins  of  the  Poe- 
ciliidae. 

The  anal  fin  of  Rivulus  elegans,  which  may 
be  taken  as  an  example  of  a simple  fin  type,  is 
rounded,  and  consists  of  11  or  12  rays  that 


bifurcate  two  or  more  times  at  their  distal  ends. 
The  first  few  rays  of  the  fin  are  strengthened  by 
thickening  and  fusion  or  anchylosis  of  their 
basal  segments,  and  they  probably  receive  the 
main  muscular  support  for  the  entire  fin.  The 
rays  are  simple,  possessing  no  specializations 
other  than  the  characteristic  serial  segmentation 
and  the  terminal,  filamentous  actinotrichia.  This 
simple  pattern  is  repeated  in  all  members  of  the 
Rivulini  as  well  as  in  such  cyprinodontine  gen- 
era as  Cyprinodon  and  Floridichthys. 

Fishes  in  the  viviparous  family  Goodeidae, 
including,  among  others,  the  genera  Goodea, 
Skiffia,  Characodon  and  Lermichthys,  have  a 
more  complex  anal  fin.  In  some  species  the  anal 
fins  are  quite  long,  containing  more  than  25  in- 
dividual rays.  A notch  separates  the  first  few 
short  but  stiff  rays  from  the  rest  of  the  fin. 
These  specializations  in  males  may  aid  in  the 
processes  of  internal  insemination. 

In  the  males  of  the  Asiatic  aplocheilin  Ory- 
zias  melastigma,  a few  of  the  anal  fin  rays,  usu- 
ally from  the  8th  to  the  1 1th,  are  prolonged  into 
filiform  processes  that  extend  beyond  the  fin 
membrane.  No  function  has  so  far  been  assigned 
to  these  simple  elongations  but  they  may  be 
secondary  sexual  characters  used  in  display.  The 
male  Fundulus  kansae  possesses  small,  slender 
antrorse  hooks  and  nuptial  tubercles  on  its  anal 
fin.  The  males  of  Fundulus  heteroclitus,  Fun- 
dulus majalis  and  others  have  similar  finger-like 
spinules  on  the  anal  fins  and  sides  during  their 
breeding  season.  These  spinous  elements  are 
utilized,  according  to  Newman  (1907),  to  help 
maintain  close  contact  between  male  and  female 
during  spawning  activities.  Although  the  anal 
fins  of  the  fundulines,  as  well  as  those  of  the 
goodeids  and  possibly  the  aplocheilins,  have  re- 
tained their  fundamental  stabilizing  function, 
they  are  also  used  in  a specialized  manner  in 
courtship  and  reproductive  behavior. 

In  the  Anablepidae,  the  anal  fin  of  the  male 
has  mostly  lost  its  stabilizing  function  and  is 
used  in  the  act  of  transmitting  sperm.  In  the 
gonopodium  of  the  male  Anableps  anableps, 
rays  2 to  8 are  elongated  and  thickened.  They 
form  an  arched  bony  enclosure  that,  according 
to  Turner  (1950),  opens  on  one  side  except  at 
the  extreme  apical  end.  In  different  males  dur- 
ing morphogenesis  rays  2 to  5 twist  around  each 
other  and  rotate  either  to  the  right  or  to  the  left 
on  a common  axis  to  produce  a gentle  spiral. 
This  results  in  the  formation  of  an  asymmetric 
fin  that  is  similar  in  its  more  conspicuous  fea- 
tures to  the  gonopodium  of  the  poeciliid  Poe- 
ciliopsis.  It  differs,  however,  chiefly  because  it 
forms  a tube  which  is  continuous  with  the  sperm 
duct;  whereas  in  the  Poeciliidae  and  in  other 
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cyprinodonts  the  sperm  duct  is  completely  in- 
dependent of  the  anal  fin. 

A still  more  complicated  mechanism  is  found 
in  the  Indian  cyprinodont,  Horaichthys  setnai, 
according  to  Kulkarni  (1940).  Rays  1 to  6 of 
the  anal  fin  are  incorporated  into  a slender  but 
stiff  rod.  The  elongate  portion  of  this  rod  is  com- 
posed of  rays  3,  4 and  5 which  are  unsegmented 
except  at  their  distal  ends.  The  terminus  of  the 
3rd  ray  is  simple,  while  rays  4 and  5 are  tipped 
by  elaborate  clavate  and  conical  processes  and 
by  a single  arced  acicular  bone.  The  last  is  enor- 
mous, equal  to  two-thirds  of  the  longest  fin  ray 
in  length.  This  anal  fin  apparently  is  not  used  in 
insemination  but  rather  to  brush  a few  tiny 
barbed  spermatophores  onto  the  genital  pad  of 
the  female.  It  is  of  quite  different  form  from 
both  anablepid  and  poeciliid  gonopodia. 

Several  modifications  of  the  form  and  func- 
tion of  fins  other  than  anal  have  arisen  in  con- 
junction with  the  sexual  activity  of  the  male. 
For  example,  during  spawning,  when  a fundu- 
line  male  utilizes  its  barbed  anal  fin  to  grasp  the 
female,  the  pelvic  fin  on  the  side  toward  the 
female  is  brought  forward  and  hooked  under 
the  opposing  pelvic  fin  of  the  female.  In  some 
male  poeciliid  fishes,  such  as  the  Xiphophorini, 
Poeciliini  and  Pamphorini,  the  first  few  pelvic 
fin  rays  are  strengthened  and  enlarged.  In  Le- 
bistes  they  are  produced  into  a fleshy  palp  or 
lappet.  The  precise  function  of  the  modified 
pelvic  fins  in  the  Poeciliidae  is  uncertain  but  it 
has  been  variously  suggested  (1)  that  one  of 
them,  together  with  the  gonopodium,  forms  an 
enclosed  tube  for  the  transmission  of  sperma- 
tophores, (2)  that  they  may  provide  a prop  for 
the  erected  gonopodium  (Clark  & Kamrin, 
1951),  and  (3)  that  the  correlated  movement 
of  a pelvic  fin  with  the  gonopodium  may  be  a 
decisive  factor  in  the  mechanical  efficiency  of 
the  system  (page  17). 

In  the  poeciliid  subfamily  Xenodexiinae,  ac- 
cording to  Hubbs  (1950),  a unilateral  clasping 
organ  has  been  developed  together  with  an  elab- 
orate, spiraled  gonopodium.  In  this  instance, 
however,  the  right  pectoral  fin,  and  not  the  pel- 
vics,  has  become  specialized,  for  it  has  an  as- 
sortment of  hooks,  pads  and  rod-like  processes. 
Bailey  (in  Hubbs,  1950)  suggested  that  certain 
of  the  complicated  features  of  this  fin  may  sup- 
port the  erected  gonopodium  just  prior  to  and 
during  copulation. 

C.  Relationship  between  Morphology  and  Sexual 
Behavior  in  the  Order  Cyprinodontida 

Although  the  fin  structures  of  funduline  and 
cyprinodontine  fishes  are  comparatively  simple, 
the  several  features  that  do  appear  as  minor 


specializations  are  of  great  importance  in  a con- 
sideration of  their  sexual  behavior.  It  was  in- 
dicated above  that  not  only  the  special  morpho- 
logical features  of  the  fin,  but  also  its  position 
in  relation  to  the  distribution  of  trunk  muscu- 
lature and  other  appendages,  are  valuable  in  the 
analysis  of  the  behavioral  problems.  Critical 
comparisons  of  the  sexual  behavior  of  the  ovi- 
parous cyprinodontines  and  fundulines  with  that 
of  the  viviparous  poeciliids  reveal  marked  sim- 
ilarities of  response  among  the  three  groups. 

1.  Spawning  in  Oviparous  Cyprindonts 

In  most  of  the  oviparous  fundulines  the  trunk 
region  is  long,  the  caudal  quite  short.  Conse- 
quently the  pelvic  and  anal  fins  have  a posterior 
insertion  on  the  body,  and  the  longest  rays  of 
the  anal  fin  of  males  (as  of  Fundulus  hetero- 
clitus  and  F.  majalis)  extend  slightly  beyond 
the  base  of  the  caudal.  In  the  males  of  both  the 
fundulines  and  cyprinodontines,  the  anal,  dor- 
sal and  pelvic  fin  rays  are,  as  a rule,  longer  than 
those  of  the  female,  and  the  first  few  anterior 
rays  are  strengthened  and  chickened.  The  mus- 
culature is  enlarged  and  strengthened  in  males 
of  these  fishes,  particularly  the  appendicular 
portion  which  controls  abduction  and  lateral 
inclination.  During  the  breeding  season,  pearl- 
like contact  organs  develop  on  the  sides  of  the 
body  and  on  the  anal  and  dorsal  fin  rays  of  some 
species,  taking  the  form  of  small,  finger-like 
processes.  These  organs  disappear  during  the 
period  of  sexual  quiescence. 

Newman  (1907)  observed  that  the  male  of 
Fundulus  heteroclitus  in  spawning  assumes  a 
position  slightly  below  and  behind  the  female. 
The  anal  and  dorsal  fins  of  the  male  are  then 
brought  forward  and  to  one  side,  hooking  under 
the  homologous  female  fins  which  are  raised 
to  receive  them.  The  pelvic  fin  is  also  brought 
forward  and  slips  under  the  adjacent  pelvic  fin 
of  the  female.  After  clasping,  the  bodies  of  both 
sexes  twist  in  a characteristic  S-curve,  in  which 
the  head  of  the  male  is  bent  inward  toward  the 
female  and  its  tail  projects  upward  and  outward. 
In  this  juxtaposition  (Text-fig.  42)  the  eggs  and 
sperm  are  released,  accompanied  by  a vibration 
of  the  posterior  half  of  the  female's  body.  In 
addition  to  its  clasping  function,  the  rigidly  in- 
clined anal  fin  of  the  male  probably  serves  to 
deflect  the  sperm  toward  the  falling  eggs. 

Although  he  had  no  direct  evidence,  Newman 
believed  that  the  spawning  behavior  of  Fun- 
dulus majalis,  F.  diaphanus  and  Cyprinodon 
variegatus  are  similar  in  principle  to  that  de- 
scribed for  F.  heteroclitus.  One  of  the  present 
authors  has  observed  adult  males  of  Cyprinodon 
baconi  assume  an  S-curve  in  aquaria  with  both 
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Text-fig.  42.  Ventral 
view  of  male  and  female 
of  Fundulus  heteroclitus 
(Linnaeus)  during  spawn- 
ing. Note  interlocked  anal 
and  pelvic  fins.  Modified 
after  Newman,  1907. 


sexes  of  its  species.  Similar  behavior  patterns 
have  also  been  described  by  aquarium  hobbyists 
in  Nothobranchius  taeniopygus  and  related 
fishes,  and  by  Gordon  (1950)  in  Epiplatys 
chaperi. 

2.  Copulation  in  Viviparous  Cyprinodonts 

Most  poeciliid  fishes  (as  presently  arranged 
systematically)  are  viviparous  rather  than  ovi- 
parous and  certain  details  of  their  sexual  behav- 
ior have  been  modified  to  accomplish  internal 
fertilization.  These  differences  in  behavior,  of 
course,  are  dependent  upon  the  anatomical  re- 
lations that  are  associated  with  a new  mode  of 
reproduction.  In  most  poeciliids  the  caudal  re- 
gion is  longer  than  in  oviparous  cyprinodontids, 
resulting  in  the  anterior  displacement  of  the  pel- 
vic and  anal  fins.  In  males  the  trunk  region  is 
further  abbreviated  and  the  pelvic-anal  complex 
is  relocated  further  forward  near  the  pectoral 
base.  This  anterior  displacement  of  the  ventral 
fins  in  the  male  poeciliid  results  in  the  intimate 
association  of  the  pelvic  girdle  with  the  anterior 


Text-fig.  43.  Copulation 
in  male  and  female 
poeciliid  fishes,  showing 
changes  in  the  orientation 
of  the  male  in  relation  to 
the  female.  A and  B.  In- 
crease in  the  angle  of 
pitch.  C and  D.  Roll  on 
the  horizontal  axis.  E to 
G.  Approach  and  pivoting 
around  an  axis  located 
just  behind  the  head. 
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actinosts  (gonactinosts)  of  the  anal  fin  (gono- 
podium).  The  probable  advantage  of  this  reor- 
ganization lies  in  the  greater  effectiveness  of  the 
supporting  hemal  spines  (gonapophyses)  in 
anchoring  the  gonactinosts  by  connective  tissue 
when  the  spines  are  arched  cephalad.  Were  these 
hemal  spines  to  retain  their  original  vertical 
orientation,  the  effective  supporting  area  would 
be  limited  to  the  tip  of  the  spine.  Their  arching 
cephalad  provides  a bony  arc  along  which  sup- 
porting tissues  originate  for  more  than  half  of 
the  spine’s  total  length. 

In  many  poeciliid  fishes  the  male’s  maneuvers 
just  prior  to  copulation  involve  the  following 
shifts  in  position  (Text-fig.  43) : (1)  an  increase 
in  the  angle  of  pitch  as  determined  by  the  higher 
position  of  the  head  in  relation  to  the  tail,  which 
enables  the  male  to  perform  an  upward  thrust 
with  its  gonopodium;  (2)  a roll  on  the  hori- 
zontal axis  which  also  makes  possible  an  upward 
thrust,  but  which  in  addition,  in  those  species 
with  short  gonopodia,  provides  a means  of  closer 
approach  to  the  genital  region  of  the  female; 
(3)  a pivoting  of  the  body  around  a point 
located  just  behind  the  head,  which  tends  to 
bring  the  posterior  portion  of  the  body  and  the 
erected  gonopodium  alongside  the  female’s  gen- 
ital region.  Thus,  when  copulating,  the  male 
poeciliid,  like  the  cyprinodont  male,  approaches 
the  female  from  behind  and  slightly  below.  If 
the  male  is  not  immediately  driven  away  by  a 
non-receptive  female,  it  swings  its  gonopodium 
forward  and  to  one  side,  rolling  under  the 
female,  pitching  upward  and  pivoting  inward 
in  a characteristic  S-curve.  The  actual  thrust  of 
the  gonopodium  toward  the  female  genitalium 
is  probably  accomplished  by  a stroke  of  the 
caudal  fin  when  it  is  curved  upward  and  outward 
away  from  the  female  in  the  S-curve  posture2 
(PI.  Ill,  Fig.  8) . This  type  of  posturing  dur- 
ing and  prior  to  copulation  has  been  recorded  by 
Clark  & Aronson  (1951),  Clark,  Aronson  & 
Gordon  (1953)  and  Rosen  & Gordon  (unpub- 
lished) in  the  males  of  Lebistes  reticulatus,  Xi- 
phophorus  maculatus,  X.  helleri,  Gambusia  af- 
finis  and  Heterandria  formosa.  S-curving  also 
has  been  observed  without  gonopodial  and  pel- 
vic fin  flexion  in  both  sexes  of  Xiphophorus  ma- 
culatus in  establishing  dominance-subordination 


2In  their  studies  of  sexual  behavior  in  the  guppy,  platy 
and  swordtail,  Clark  & Aronson  (1951)  and  Clark, 
Aronson  & Gordon  (1953)  show  that  there  are  two 
types  of  gonopodial  contacts.  One,  in  which  contact  is 
lasting,  is  termed  “copulation.”  The  other,  in  which 
contact  is  momentary,  is  termed  “gonopodial  thrust.” 
In  our  studies,  however,  we  are  unable  to  relate  any 
distinctive  structural  or  mechanical  adjustments  in  the 
gonopodium  to  each  of  the  two  types  of  contacts.  For 
purposes  of  this  paper  we  are  combining  these  two 
terms  under  the  generic  term  of  “copulatory  behavior.” 


relationships  among  homosexual  groupings  and 
in  sexually  immature  fishes  as  young  as  one 
month  old.  In  this  respect,  this  species  is  appar- 
ently similar  to  many  of  the  oviparous  cyprino- 
dontids.  In  Poecilistes  and  Phallichthys,  how- 
ever, we  have  never  observed  S-curving  in  the 
characteristic  manner. 

In  L.  reticulatus,  X.  maculatus  and  X.  helleri, 
when  the  gonopodium  is  brought  forward,  a 
pelvic  fin  is  also  brought  forward  and  out  to 
one  side,  as  described  by  Clark  & Kamrin 
(1951).  This  coordinated  action  of  the  fins  may 
be  compared  with  the  homologous  movements 
of  the  fins  of  male  Fundulus  when  it  is  clasping 
the  female.  The  forward  and  lateral  position  of 
the  funduline  anal  fin  may  serve  to  deflect  the 
sperm  toward  the  extruded  eggs.  The  poeciliid 
gonopodium  also  serves  to  deflect  the  sperm,  in 
the  form  of  spermatophores,  by  the  formation 
of  a cup  consisting  of  the  distended  posterior 
portion  of  the  fin  containing  rays  6,  7,  8 and  9. 
This  cup  presents  an  impasse  to  the  spermato- 
phores, which  are  expelled  in  an  essentially 
downward  path.  They  are  thus  forced  into  con- 
tact with  the  gonopodial  groove,  which  is  con- 
tinuous with  the  basal  cup.  (The  possible 
importance  of  the  pelvic  fin  in  these  actions  has 
already  been  indicated,  p.  17). 

D.  Evolution  of  Gonopodia 

Species  within  three  existing  cyprinodont 
genera,  Cyprinodon,  Fundulus  and  Aplocheilus, 
are  represented  in  the  fossil  record.  The  skeletal 
elements  of  the  fossil  cyprindonts  are  basically 
very  similar  to  those  of  contemporary  species. 
Careful  study  of  a well-preserved  fossil,  Probal- 
lostomus  longulus  Cope,  1891,  from  South 
Dakota  (probably  Oligocene  but  possibly  as  late 
as  Pleistocene,  according  to  Dr.  Bobb  Schaeffer, 
from  a personal  communication)  indicates  con- 
clusively that  the  basic  skeletal  architecture  has 
remained  essentially  unchanged.  The  accom- 
panying figure  (Text-fig.  44)  of  its  anal  fin  sus- 
pensorium  clearly  shows  the  presence  of  modi- 
fied hemal  spines  that  are  arched  cephalad  to 
support  the  projecting  actinosts  below.  The  most 
anterior  hemal  spine  in  this  complex  is  so  re- 
duced and  so  intimately  associated  with  the  en- 
larged anterior  actinosts  as  to  suggest  its  com- 
parison with  the  ligastyle  of  some  poeciliids. 
The  exact  form  of  the  anterior  actinosts  is 
obscure,  due  probably  to  compression  by  the 
limestone  matrix,  but  there  appear  to  be  plate- 
like outgrowths  of  their  anterior  and  posterior 
surfaces,  as  in  the  Anablepidae  and  Poeciliidae. 
The  anterior  five  fin  rays  which  articulate  with 
them  are  enlarged  and  strengthened,  but  the 
serial  segmentation  pattern  has  not  been  lost 
by  fusion. 
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Text-fig.  44.  A portion  of  the  axial  skeleton,  the 
suspensorium  and  anal  fin  skeleton  of  the  fossil 
cyprinodontid  fish,  Proballostomus  longulus  Cope 
from  Ree  Hills,  South  Dakota.  Drawn  from  a 
specimen  in  the  collection  of  the  American  Museum 
of  Natural  History  (A.M.N.H.  8090). 

Of  the  structural  details  of  the  Proballostomus 
anal  fin  skeleton,  probably  the  most  important 
for  a consideration  of  intermediate  forms  in  the 
evolution  of  specialized  reproductive  organs  are 
the  supporting  hemal  spines  which  have  en- 
larged and  rotated  forward.  These  structures 
may  be  compared  with  the  comparable  elements 
in  the  gonopodial  suspensorium  of  the  poeciliid, 
Xiphophorus  maculatus  (Text-fig.  45).  In  both 
forms,  the  spines  are  slightly  expanded  near  the 
base  and  taper  to  a slender  apical  portion.  The 
hemal  spines  of  X.  maculatus  differ  from  those 
of  Proballostomus  chiefly  in  the  addition  of  tiny 
uncini  on  their  posterior  margins  near  their 
attachment  to  the  vertebral  centra  (Text-fig. 
44) . This  contrasts  with  the  comparatively  un- 
specialized condition  of  the  spines  of  Fundulus, 
where  the  characteristic  caudal  orientation  is 
retained  and  where  there  is  no  thickening  at  the 
bases  (Text-fig.  46).  In  general,  the  axial  por- 
tion of  the  suspensorial  skeleton  in  poeciliid 
fishes  has  been  less  conservative  in  its  evolution 


than  is  indicated  by  these  structures  in  the  genus 
Xiphophorus,  for  in  the  Gambusiinae  the  spines 
have  rotated  so  far  forward  that  their  apical 
portions  run  almost  parallel  with  the  long  axis 
of  the  fish.  In  addition,  in  Gambusia  the  shafts 
of  the  spines  are  greatly  thickened  and  their 
long,  slender  uncini  overlap  the  shaft  of  the 
next  posterior  spine  (Text-fig.  47).  The  degree 
of  specialization  of  the  hemal  spines  may  be 
measured,  to  some  extent,  by  the  amount  of 
displacement  anteriorly  of  the  anal  fin.  Since 
the  pelvic-anal  complex  is  relocated  anteriorly 
in  most  poeciliid  fishes,  the  reorientation  ce- 
phalad  of  the  supporting  elements  would  seem 
to  be  of  great  mechanical  advantage.  The  me- 
chanical principles  involved  in  the  morphologi- 
cal transformations  are  described  above,  on 
page  18. 

In  other  respects,  the  anal  fin  skeleton  of 
Proballostomus  compares  favorably  with  those 
of  living  cyprinodontids  such  as  Fundulus,  but 
it  even  appears  to  be  slightly  more  specialized 
in  the  cephalo-caudal  extension  of  its  actinos- 
tal  plates.  In  Fundulus,  the  actinosts  have 
pointed  tips  dorsally,  and  both  lateral  and  ceph- 
alo-caudal plates  broaden  gently  toward  the  base 
but  are  never  of  any  great  width.  Other  differ- 
ences are  of  a relatively  minor  character. 

Utilizing  a Fundulus-like  suspensorium  as  a 
possible  model  of  early  skeletal  structure  in  the 
group,  it  becomes  apparent  that  the  strength- 
ening and  enlargement  of  the  anterior  actinosts 
and  anal  fin  rays,  and  their  intimate  association 
with  the  hemal  spines,  constitute  a preadapta- 
tion for  the  development  of  the  gonopodial 
mechanism.  This  interpretation  may  be  further 
clarified  by  making  a comparison  between  the 
homologous  behavior  patterns  of  the  unspecial- 
ized fundulines  and  the  specialized  poeciliids, 
particularly  with  reference  to  fin  action  during 
spawning  and  copulation  (p.  37). 

Thus,  probably  one  of  the  most  important 
factors  influencing  the  development  of  special- 
ized external  reproductive  organs  in  the  male 
is  associated  with  his  habit  of  clasping,  in  which 
increased  strength  and  flexibility  of  the  fins 
would  be  decisive.  Strengthening  of  the  system 
has  been  accomplished  in  several  ways,  but  pri- 
marily in  the  growth  of  the  hemal  spines  down- 
ward and  forward  so  that  they  interdigitate  with 
the  actinosts  of  the  anal  fin.  Enlargement  of  the 
parapophyses  and  the  appearance  of  uncini  on 
the  posterior  margins  of  the  hemal  spines  pro- 
vided additional  anchorages  for  the  supporting 
ligaments.  Secondarily,  the  thin  plates  separat- 
ing the  paired  erector  and  depressor  muscles 
became  enlarged  and  finally  fused.  The  fusion 
was  probably  accompanied  by  a loss  of  the  de- 
pressor function  of  the  paired  posterior  muscle 
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Text-fig.  45.  A portion 
of  the  axial  skeleton,  the 
suspensorium  and  anal  fin 
skeleton  of  Xiphophorus 
maculatus  (Gunther). 


Text-fig.  46.  A portion 
of  the  axial  skeleton,  the 
suspensorium  and  anal  fin 
skeleton  of  a male  Fundn- 
lus  heteroclitus  (Linnaeus). 


slips  and  their  reorientation  as  erectors  within 
the  body  of  the  composite  muscle  mass,  the 
erector  analis  major.  This  change  in  the  medial 
muscle  system,  coordinated  with  the  displace- 


ment anteriorly  of  the  retractor  ischii  for  in- 
creased rotary  movements,  and  the  realignment 
of  the  inclinator  analis  muscles,  made  possible 
a greater  flexibility  of  fin  movement  for  grasp- 
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Text-fig.  47.  A portion 
of  the  axial  skeleton,  the 
suspensorium  and  anal  fin 
skeleton  of  Gambusia  af- 
finis  (Baird  & Girard). 


ing  the  underparts  of  the  female  during  sexual 
contact.  A strengthening  and  further  elongation 
of  the  anterior  fin  rays  that  receive  the  greatest 
muscular  support  provided  additional  aids  for 
grasping. 

The  development  of  specialized  conditions  of 
the  anal  fin  in  male  cyprinodont  fishes  may  also 
have  been  influenced  to  some  degree  by  coordi- 
nated secondary  sexual  changes  affecting  both 
median  elevated  fins,  according  to  Dr.  Charles 
M.  Breder,  Jr.  (personal  communication).  For 
example,  the  dorsal  fins  are  highly  colored  and 
elongated  in  some  males  of  the  Family  Cypri- 
nodontidae  and  Tribes  Poeciliini  and  Xipho- 
phorini  of  the  Poeciliidae,  among  others.  Breder 
pointed  out  that  locomotor  demands  established 
by  an  enlargement  of  the  dorsal  fin  may  have 
called  for  a compensatory  elongation  of  the  anal 
fin.  Adjustments  of  this  sort  may  have  pre- 
adapted these  fins  for  their  specialized  functions 
in  reproductive  activities.  In  the  oviparous 
aplocheilin,  Oryzias  latipes,  mating  is  facilitated 
by  the  interlocking  of  homologous  male  and 
female  fins,  as  in  the  funduline  fishes.  Amemiya 
& Murayama  (1931)  found  an  exceptional  fe- 
male of  this  oviparous  species  in  which  devel- 
oping embryos  were  contained  within  its  body. 
Internal  fertilization,  which  obviously  must 
have  taken  place,  was  probably  aided  by  the 
interlocking  median  fins,  particularly  by  the 
anal  fin  of  the  male,  which  is  long  and  flexible. 

The  progressive  evolution  of  more  complex 
anal  fin  control  mechanisms,  which  presumably 
culminated  in  the  development  of  gonopodia,  is 
related  also  to  the  widespread  habit  among  cyp- 
rinodonts  of  retaining  the  developing  young 
within  the  body  of  the  female.  Nevertheless, 
viviparous  cyprinodonts  do  exist,  namely,  the 


Goodeidae  and  Adrianichthyidae,  in  which  the 
anal  fins  of  the  males  are  not  primarily  special- 
ized to  effect  internal  fertilization  and  in  which 
the  absence  of  the  complex  pterygial  modifica- 
tions are  compensated  for  by  special  behavior 
patterns  and  other  devices  for  internal  insemina- 
tion, as  in  the  exceptional  Oryzias  mentioned 
above.  A contrasting  situation  occurs  in  Hora- 
ichthys  setanai  and  Tomeurus  gracilis,  two 
species  which  are  oviparous  and  in  which  the 
anal  fins  of  the  males  are  nevertheless  trans- 
formed into  gonopodia  of  elaborate  form.  The 
apparent  contradiction  of  these  examples  is 
easily  explained,  however,  since  it  may  be  seen 
from  Kulkarni’s  (1940)  excellent  figure  that 
the  gonopodium  of  Horaichthys  is  not  utilized 
as  an  intromittent  organ  as  in  anablepids  and 
poeciliids,  but  rather  as  a contact  organ  for 
attaching  barbed  sperm  capsules  to  the  soft  tis- 
sues that  surround  the  exterior  of  the  female’s 
genital  pore.  Our  studies  of  the  gonopodial  de- 
tails of  Tomeurus  indicate  that  its  functional 
relations  also  may  be  quite  different  from  those 
of  poeciliids.  Myers  (1947)  was  sufficiently 
impressed  by  the  structural  peculiarities  of 
Tomeurus  to  suggest  that  it  may  have  originated 
independently  of  the  main  line  of  poeciliid 
evolution— an  interpretation  which  he  feels 
should  be,  but  is  not,  reflected  in  its  present 
systematic  position.  The  non-viviparous  repro- 
ductive behavior  of  Tomeurus  is  one  of  the  im- 
portant factors  which  prompted  Myers  to 
propose  that  it  be  separated  from  the  poeciliids 
in  the  new  family  Tomeuridae.  This  point  has 
merit;  a similar  view  is  expressed  by  Dr.  Hubbs 
(personal  communication). 

Since  the  comparatively  unspecialized  anal 
fins  of  some  cyprinodontids  appear  to  function, 
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in  part,  to  deflect  the  sperm  towards  the  falling 
eggs,  it  is  not  surprising  that  in  several  fishes 
special  mechanisms  have  been  evolved  inde- 
pendently to  meet  this  need.  Not  only  do  the 
anterior  anal  fin  rays  serve  to  deflect  the  sperm, 
but  they  may  also  hold  sperm  temporarily  be- 
fore transmitting  them  to  the  genitalium  of  the 
female.  Probably  the  formation  of  the  gono- 
podium  itself  was  anticipated  in  its  evolutionary 
development  by  an  elongate  anal  fin  in  which 
the  anterior  and  posterior  regions  of  the  fin 
could  be  folded  to  form  an  open  trough.  This 
hypothetical  intermediate  arrangement  could 
have  then  been  refined  by  ( 1)  the  advancement 
of  the  anterior  rays  for  the  formation  of  the 
transitory  gonopodial  tubes,  and  (2)  the  re- 
striction of  the  posterior  anal  fin  rays  to  serve 
as  a receptacle  for  the  freshly  released  spermat- 
ophores  before  they  pass  down  the  transitory 
gonopodial  tube. 

The  elaboration  of  the  rotational  and  ad- 
justing mechanism  was  probably  a natural  out- 
come of  the  complete  segregation  of  the  an- 
teriormost  rays  from  their  more  posterior  serial 
homologues.  The  morphological  elements  of  an 
unspecialized  cyprinodont  anal  fin  being  already 
preadapted  for  the  development  of  a gonopo- 
dium,  mechanical  perfection  was  attained  by 
a strengthening  and  elongation  of  these  ante- 
rior rays.  For  example,  the  strengthening  of  the 
anterior  rays  by  the  addition  of  bone  probably 
served  originally  to  meet  the  demands  for  great- 
er muscular  action.  The  bone  has  been  added 
mainly  on  the  anterior  and  posterior  edges;  it 
is  here  that  the  interacting  fin  rays  come  into 
contact  with  each  other  during  forward  move- 
ment. It  is  only  when  lateral  movements  become 
important,  for  example,  during  the  gonopodial 
swing,  that  protection  against  lateral  fracture 
is  necessary.  Thus,  on  ray  5 of  the  poeciliid 
gonopodium,  the  two  component  elements  of 
the  ray  together  have  undergone  lateral  expan- 
sion, probably  in  response  to  the  inevitable  ro- 
tary movements  of  this  ray  in  an  essentially 
ventro-lateral  path  during  fin  erection.  Ray  3, 
on  the  other  hand,  while  it  received  slight  lat- 
eral support  from  the  eccentric  grooves,  has  be- 
come enlarged  mainly  in  the  vertical  plane.  The 
enlargement  of  ray  3 in  the  vertical  plane  may 
be  accounted  for  by  the  following  interpreta- 
tions: (1)  Ray  3,  as  the  axial  center  of  rota- 
tion for  the  gonopodium,  must  travel  forward 
constantly  in  the  same  plane  during  erection  in 
order  to  provide  a stable  structural  surface  in 
relation  to  which  the  other  rays  can  orient 
themselves.  Directional  stability  is  provided  by 
an  increase  in  the  height  of  its  segments  in  the 
antero-posterior  (vertical)  dimension  which  is 
in  a plane  parallel  with  the  applied  force  of  the 


powerful  erector  analis  muscles.  (2)  Since  the 
erector  analis  muscles  draw  ray  3 forward  in  a 
plane  parallel  with  the  fish’s  long  axis,  the 
stretched  connective  tissue  which  binds  the  rays 
together  produces  a strain  that  travels  trans- 
versely across  the  ray,  tending  to  arch  it  cau- 
dally  along  its  segments.  Arching,  however,  is 
prevented  by  the  anchylosis  of  segments  and 
the  growth  of  segments  in  the  antero-posterior 
(vertical)  dimension. 

Ray  4,  unlike  rays  3 and  5,  has  retained 
much  of  its  original  form.  During  fin  erection  it 
is  merely  carried  over  to  one  side  by  the  rotat- 
ing force  of  ray  5,  and  its  main  function  in  this 
operation  is  to  separate  rays  3 and  5 by  the 
formation  of  the  bed  of  the  transitory  sperm 
trough. 

The  evolution  of  the  terminal  specializations 
such  as  spines,  distal  serrae  and  claws,  which 
are  regarded  as  of  minor  importance  compared 
to  the  mechanical  changes  which  have  taken 
place,  may  be  associated  with  differences  in  the 
behavior  and  ecology  of  the  different  species. 
For  example,  differences  in  the  structure  of  the 
terminal  holdfast  in  Lebistes  and  Xiphophorus 
have  been  shown  by  Clark,  Aronson  & Gordon 
(1953)  to  be  intimately  related  to  the  behav- 
ioral pattern  of  the  males  during  copulation.  In 
Xiphophorus,  where  the  holdfast  consists  of  a 
large,  pointed  retrorse  dorsal  claw  and  a ven- 
tral retrorse  hook,  copulations  are  relatively 
long,  i.e.,  five  or  six  seconds.  The  male  remains 
relatively  passive  during  the  act  and  terminates 
it  in  a sharp  break.  In  Lebistes,  in  which  the 
holdfast  consists  of  a small  retrorse  claw  em- 
bedded in  the  tissue  above  ray  5,  copulations 
are  less  prolonged,  lasting  about  two  seconds. 
The  male  constantly  swims  against  the  female 
and  thus  maintains  contact.  This  difference  in 
copulatory  behavior  was  explained  by  Clark  & 
Aronson  (1951),  who  suggested  that  the  claw 
in  Lebistes  is  not  an  essential  factor  in  success- 
ful copulations.  They  pointed  out  that  males 
lacking  this  element  can  still  copulate  success- 
fully, whereas  in  Xiphophorus  a holdfast  is  in- 
dispensable. 

There  is  also  a possibility  that  those  fishes 
which  live  in  turbulent  waters  may  have  strong- 
er holdfast  elements  than  those  which  live  in 
slow  waters  (Rosen  & Gordon,  unpublished). 

The  earliest  stages  in  the  development  of 
minor  differences  in  the  terminal  elements  of 
the  gonopodium  may  be  determined  by  study 
of  these  structures  in  the  members  of  geograph- 
ically isolated  populations  of  a single  species. 
For  example,  the  X.  maculatus  population  from 
one  locality  in  the  Rio  Coatzacoalcos  in  south- 
ern Mexico  differs  from  all  platyfish  from  sur- 
rounding areas  by  having  a dorsal  claw  in  the 
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gonopodium,  a structure  which  is  especially 
characteristic  of  X.  helleri  and  X.  pygmaeus. 
This  peculiarity  in  one  population  of  the  platy- 
fish  may  be  interpreted  in  genetic  terms.  The 
appearance  of  claws  in  some  members  of  a 
normally  clawless  species  may  depend  upon  the 
chance  recombination  of  complimentary  genes 
for  claws  and  their  modifiers  that  had  become 
separated  in  the  speciation  process.  It  has  been 
indicated  by  Gordon  & Rosen  (1951)  that  the 
development  of  comparable  structures  in  Xiph- 
ophorus  is  controlled  by  the  action  of  a small 
number  of  independently  assorting  polygenes. 

E.  General  Discussion 

The  history  of  our  knowledge  of  the  struc- 
ture of  the  gonopodium  was  presented  in  a pre- 
vious paper  by  Gordon  & Rosen  (1951),  and 
of  the  gonopodial  suspensorium  by  Gordon  & 
Benzer  (1945).  The  earliest  interpretation  of 
the  mechanics  of  transferring  spermatophores 
from  the  male  to  female  poeciliid  fishes  by 
means  of  the  gonopodium  was  made  by  Ryder 
(1885).  He  indicated  that  the  elongated  rays 
of  the  gonopodium  folded  on  each  other,  form- 
ing an  open  trough.  He  suggested  that  the  rays 
might  contain  an  extension  of  the  sperm  duct 
which  communicates  with  the  exterior  at  the 
tip  of  the  fin.  Kuntz  (1915)  noted  also  that 
the  elongated  rays  of  the  gonopodium  formed 
a groove,  but  he  thought  that  the  spermato- 
phores travelled  along  the  erected  fin  before  be- 
ing transferred  to  the  genitalium  of  the  female. 
Henn  (1916)  extended  these  observations,  say- 
ing that  the  flexible,  smaller  rays  at  the  base 
of  the  gonopodium  together  may  serve  as  the 
initial  receptor  for  the  discharged  spermato- 
phores. Gordon  (1947)  pointed  out  the  diffi- 
culties of  explaining  sperm  transfer  on  the  basis 
of  the  suggested  mechanism. 

An  interpretation  of  the  mechanics  of  gono- 
podial movements  was  made  by  Collier  (1936) 
on  Gambusia  a.  affinis.  He  described  the  erec- 
tor analis  major  muscle  and  considered  it  alone 
to  be  responsible  for  the  intrinsic  movements 
of  the  gonopodium.  This  muscle,  he  claimed, 
is  capable  of  swinging  the  gonopodium  only  to 
a maximum  angle  of  90°  in  relation  to  the 
horizontal  axis  of  the  caudal  peduncle.  Because 
of  what  he  terms  the  “mechanical  connections,” 
erection  of  the  gonopodium  beyond  that  angle 
can  not  take  place  by  action  of  the  erector  ana- 
lis major.  According  to  his  view,  an  arching  of 
the  back  enables  the  gonopodial  suspensorium 
to  slide  forward  and  to  rotate  upward  in  such 
a manner  that  the  gonopodium  swings  beyond 
90°  to  140°  or  150°.  His  Figures  9 and  12 
evidently  were  drawn  with  the  assumption  that 


the  entire  gonactinostal  complex  dissociates 
itself  from  the  gonapophyses  during  the  erec- 
tion of  the  gonopodium.  How  this  is  accom- 
plished was  not  made  clear.  Reference  to  Plate 
II,  Figure  1,  of  Clark  & Aronson  (1951)  shows 
that  arching  of  the  back  does  not  take  place 
when  the  gonopodium  is  swung  forward.  Our 
dissections  reveal  that  the  gonactinosts  are  firm- 
ly imbedded  in  surrounding  tissues  and  that 
only  a slight  forward  shift  can  take  place  at 
the  base  of  the  complex. 

Fraser-Brunner  (1947)  thought  that  the  gon- 
opodium is  effective  in  transferring  spermato- 
phores to  the  female  only  when  its  action  is 
closely  correlated  with  one  of  the  pelvic  fins. 
According  to  him,  when  both  the  anal  and  a 
pelvic  fin  are  brought  forward  a closed  tube  is 
formed  through  which  the  male,  at  close  range, 
“shoots”  spermatophores  toward  the  female 
genitalium;  no  physical  contact  is  involved.  This 
type  of  sperm  transfer  has  been  questioned  by 
Gordon  (1947).  The  observations  and  experi- 
ments by  Clark  & Aronson  (1951),  Clark  & 
Kamrin  (1951),  Clark,  Aronson  & Gordon 
(1953),  Miss  Patricia C.  Kadow  (unpublished), 
and  others  provide  the  basis  for  the  following 
statements  concerning  the  probable  method  of 
insemination  in  some  of  the  Poeciliinae,  par- 
ticularly in  the  Xiphophorini: 

Spermatophores  are  ejaculated  by  the  male 
when  its  gonopodium  is  in  the  erected  position. 
At  this  time  the  base  of  the  fully  rotated  gono- 
podium is  directly  below  its  genital  orifice. 
Spermatophores  pour  into  the  trough  formed  by 
the  short  posterior  gonopodial  rays  that  are  ar- 
ranged around  the  base  of  its  rays  3,  4 and  5. 
When  the  tip  of  the  spermatophore-laden  gon- 
opodium is  inserted  into  the  female’s  genital- 
ium, the  female  responds  in  such  a way  that 
fluid  from  its  oviduct  comes  in  contact  with 
the  distal  end  of  the  transitory,  capillary-like 
tube  formed  by  the  folded  gonopodium.  The 
fluid  from  the  oviduct  has  the  property  of 
changing  the  physical  state  of  the  spermato- 
phores and  their  spermatic  fluid.  The  ovarian 
secretion  reduces  the  viscosity  of  the  fluid  and 
the  substance  that  holds  the  sperms  together 
within  their  spermatophores.  The  released 
spermatozoa,  swimming  freely  in  a more  liquid 
medium,  may  then  pass  along  the  length  of 
the  gonopodial  tube  and  enter  the  opening  of 
the  oviduct.  It  is  possible  that  the  spermatozoa 
are  actually  drawn  up  within  the  oviduct  by 
capillary  action. 

F.  Resume  and  Conclusions 
The  skeletal  mechanisms  which  make  pos- 
sible certain  specialized  behavior  patterns  in 
poeciliid  fishes  during  and  prior  to  copulation 
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consist  of  two  principle  units:  (1)  the  gono- 
podium  or  sexually  modified  anal  fin  of  the  male 
which  serves  to  transfer  spermatophores  to  the 
female  genitalium,  and  (2)  the  gonopodial  sus- 
pensorium,  consisting  of  modified  interhemals 
or  gonactinosts,  which  supports  the  gonopodium 
by  its  ligamentous  attachment  to  the  hemal 
spines  or  gonapophyses  of  the  axial  skeleton. 

The  complex  movements  of  the  gonopodium 
which  enable  it  to  rotate  forward  and  laterally 
to  attain  a copulatory  position  are  made  pos- 
sible by  the  action  of  a series  of  enlarged  erec- 
tor, depressor,  rotator,  inclinator  and  tensor 
muscles.  These  originate,  for  the  most  part,  on 
the  gonactinosts.  The  muscles  of  the  pelvic  fins 
are  also  probably  important  in  stabilizing  the 
movements  made  by  the  male  prior  to  and  dur- 
ing copulation. 

When  the  gonopodium  is  swung  forward,  the 
elongated  bony  fin  rays  3,  4 and  5 and  their 
enveloping  sheets  of  collagenous  fibers  interact 
in  such  a way  that  a grooved  surface  is  formed 
along  one  side  of  the  fin.  During  the  forward 
and  lateral  movement,  the  more  posteriorly  at- 
tached rays  4 and  5 slip  backward  away  from 
the  tip  of  the  fin.  This  produces  a strain  in  the 
collagenous  fibers  which  bind  the  three  rays 
together.  Excess  strain  on  this  tissue  is  pre- 
vented by  a folding  of  rays  4 and  5 against  the 
broad,  flat  surface  of  ray  3.  When  one  edge  of 
the  broad,  fluted  surface  of  ray  5 meets  the 
expanded  antero-ventral  edge  of  ray  3,  a par- 
tially enclosed  channel  is  formed  along  which 
spermatophores  may  pass  toward  the  tip  of  the 
fin.  The  tip  of  the  gonopodium  has  various 
barbs  and  spinous  elements  which  may  serve 
as  organs  of  contact  and  insertion,  gripping 
or  holdfast  devices  for  securing  and  maintain- 
ing contact  between  the  sexes,  sensory  recep- 
tors, and  stabilizing  mechanisms  which  aid  in 
retaining  the  alignment  of  the  rays  and  in 
steadying  the  gonopodium  as  a whole  during 
copulation. 

Comparisons  among  the  forty-five  recog- 
nized poeciliid  genera  with  reference  to  the  ro- 
tational and  adjusting  mechanisms  and  terminal 
specializations  in  their  gonopodia  show  that 
most  of  them  function  according  to  almost 
identical  mechanical  principles.  One  difference 
may  be  mentioned.  Male  poeciliids  with  bilat- 
erally symmetrical  gonopodia  may  copulate 
with  females  from  either  side.  Those  poeciliids 
with  asymmetrical  gonopodia,  like  males  of  the 
Subfamily  Poeciliopsinae,  may  copulate  with 
females  from  one  side  only. 

The  results  of  comparing  the  modifications 
in  anal  fins  of  some  oviparous  cyprinodont 
fishes  with  those  of  the  viviparous  species  also 


reveal  a common  trend  toward  the  development 
of  somewhat  similar  specialized  structures 
which  are  associated  with  sexual  activities. 

The  patterns  of  sexual  behavior  of  the  ovi- 
parous cyprinodontids  and  the  viviparous  poe- 
ciliids also  show  striking  parallelisms.  The  con- 
clusions reached  as  a result  of  these  compara- 
tive studies,  and  from  examination  of  a well- 
preserved  cyprinodont  fossil,  is  that  the  poe- 
ciliid gonopodium  probably  evolved  from  a 
simple,  cyprinodontid-like  anal  fin.  The  orig- 
inal function  of  the  anal  fin  was  principally  in 
maintaining  vertical  stability  in  water.  The 
anatomical  changes  most  important  in  the  evo- 
lution of  the  gonopodium  appear  to  be:  (1) 
the  elongation  and  modification  of  anal  rays  3, 
4 and  5;  (2)  the  functional  independence  of 
these  rays  from  the  posterior  rays;  (3)  the  en- 
largement, strengthening  and  reorientation 
cephalad  of  the  hemal  and  interhemal  anal  fin 
supports;  (4)  the  development  of  powerful  gon- 
opodial muscles. 

In  the  evolution  of  the  viviparous  from  the 
oviparous  type  of  reproduction  there  must  have 
been,  also,  some  modification  in  the  physiolo- 
gical properties  of  the  fluid  substances  associated 
with  the  primary  sexual  products.  In  the  males 
of  viviparous  species,  spermatozoa  are  ejacu- 
lated in  the  form  of  passive  spermatophores 
surrounded  by  a viscous  semen-like  fluid.  In  the 
viviparous  mature  females  an  ovarian  secretion 
is  elaborated  which  has  the  property  of  lowering 
the  viscosity  of  spermatic  fluid  and  the  sub- 
stance which  holds  the  spermatozoa  together  in 
their  spermatophores. 
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EXPLANATION  OF  THE  PLATES 


Plate  I 

Fig.  1.  Belonesox  belizanus.  Female  above.  Male 
below.  Note  large  gape  of  mouth  in  fe- 
male. 

Fig.  2.  Xiphophorus  helleri  male,  above.  Pseudo- 
xiphophorus  bimaculatus  male,  below. 

Fig.  3.  Xiphophorus  xiphidium.  Male,  top,  right. 
Female,  bottom,  left. 

Plate  H 

Fig.  4.  Glaridichthys  uninotatus.  Male  above. 
Female  below. 

Fig.  5.  Mollienesia  sphenops.  Male  above.  Fe- 
male below. 

Plate  III 

Fig.  6.  Poecilistes  pleurospiliis. 

Fig.  7.  Phallichthys  amates. 

Fig.  8.  Lebistes  reticulatus  male  as  seen  from 
below  in  the  S-curve  posture  with  the 
gonopodium  swung  forward  and  out  to  the 
right  side.  The  male  is  approaching  the 
genital  region  of  the  female  obliquely. 
The  female  is  seen  in  rear  quarter 
view  while  circling  away  from  the  male. 
The  forward  movements  of  the  male 
while  S-curving  are  caused  chiefly  by 
strokes  of  the  caudal  fin  as  revealed  by 
the  fin’s  undulatory  appearance.  (Photo 
by  Dr.  Eugenie  Clark,  Department  of 
Animal  Behavior,  American  Museum  of 
Natural  History). 


Plate  IV 

Fig.  9.  Cross-section  through  the  distal  tip  of  the 
gonopodium  of  Xiphophorus  helleri  at  the 
level  of  the  ramus  and  blade. 

Fig.  10.  Cross-section  through  the  gonopodium  of 
Xiphophorus  helleri  at  the  distal  level  of 
the  spines  on  ray  3;  ray  5 is  dorsal,  ray  3 
ventral.  The  dorsal  expanded  ray  marks 
the  distal-most  region  of  the  canoe-shaped 
area  of  the  5th  ray. 

Fig.  11.  Cross-section  through  the  gonopodium  of 
Xiphophorus  helleri  at  the  level  of  the 
rotational  elements;  ray  5 is  dorsal,  ray  3 
ventral.  Note  rounded  dorsal  edge  of  ray 
3 and  pointed  dorsal  edge  of  ray  4p. 

Fig.  12.  Cross-section  through  the  gonopodium  of 
Xiphophorus  helleri  proximal  to  the  rota- 
tional elements;  ray  5 is  dorsal,  ray  3 
ventral. 

Fig.  13.  Cross-section  through  the  gonopodium  of 
Xiphophorus  helleri  at  its  base;  ray  3 is 
ventral. 

Fig.  14.  Cross-section  through  the  integumentary 
thickening  or  incipient  hood  of  the  3rd 
ray  of  the  gonopodium  of  Xiphophorus 
helleri.  Compare  the  similarities  of  tis- 
sues in  Figs.  14  and  15. 

Fig.  15.  Cross-section  through  the  mid-portion  of 
gonopodial  hood  of  the  3rd  ray  of  Le- 
bistes reticulatus. 
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A Case  of  Survival  of  a Goldfish  Following  the  Loss  of  Its  Tail 

C.  M.  Breder,  Jr. 

The  American  Museum  of  Natural  History 
(Plates  I & II) 


THERE  are  a considerable  number  of  ref- 
erences to  accounts  of  the  finding  of  liv- 
ing and  active  fishes  which  have  survived 
the  loss  of  tail  and  caudal  trunk.  In  the  more 
extreme  cases  this  loss  has  reached  almost  to 
the  body  cavity.  Reports  of  such  accidents  are 
distributed  among  the  groups  of  fishes  as  fol- 
lows: 

Isospondyli 


Tarpon  atlanticus 

Nichols  (1921) 

Salmo  irideus 

Nusbaum  (1907) 

Ostariophysi 

Piabucina  festae 

Breder  (1927a) 

Cyprinus  carpio 

Fiebiger  (1907) 
Nusbaum  (1907) 
Tarnani  (1911) 

Scardinius 

erythrophthalmus 

Breder  (1927b) 

Haplomi 

Esox  Indus 

Hofer  (1901) 

Acanthopterygii 

Trachinotus  falcatus 

Breder  (1934) 

Epinephelus  guttatus 

Breder  (1934) 

Plectognathi 

Meuschenia  skottowei  Pope  (1945) 

It  is  likely  that  a considerably  greater  num- 
ber of  examples  are  hidden  in  the  literature,  in 
papers  whose  titles  give  no  hint  of  some  inci- 
dental mention  of  them. 

The  accounts  all  agree  in  one  respect,  which 
is  that  all  the  fishes  have  been  found  in  a state 
of  complete  recovery.  The  present  account  de- 
scribes a similar  case  in  a goldfish,  Carassius 
auratus  (Linnaeus),  but  in  which  the  date  of 
the  mutilation  is  known  and  in  which  the  fish 
was  under  continuous  observation  during  the 


entire  time  of  recovery.  It  concerns  a fish  kept 
with  others  in  an  outdoor  pool  under  essen- 
tially natural  conditions  over  a period  of  years. 
These  fish  were  subject  to  a certain  amount 
of  predation  from  occasional  marauding  king- 
fishers, herons,  bullfrogs  and  garter  snakes, 
but  usually  the  predation  was  of  no  serious 
nature.1 

On  July  17,  1952,  it  was  found  that  one  of  the 
goldfish  in  the  larger  of  the  two  pools  had 
suffered  the  removal  of  its  tail  at  a location 
sufficiently  anterior  to  cut  through  the  dorsal 
fin.  The  cut  was  lunate  and  clean,  as  though 
made  by  some  more-or-less  hard-mouthed  crea- 
ture such  as  a snapping  turtle.  It  was  difficult 
to  imagine  that  any  bird  beak  could  have  been 
responsible.  Whatever  did  it  was  never  dis- 
covered and  is  still  a matter  of  some  specula- 
tion. The  first  thought  was  to  destroy  the  fish, 
but  even  without  its  tail,  it  wagged  the  stump 
with  sufficient  vigor  to  elude  easy  capture. 
During  the  ensuing  period  it  clearly  avoided 
the  other  fishes,  which  generally  kept  in  a 
fairly  well  integrated  aggregation.  Likewise  the 
intact  individuals  paid  no  attention  to  the 
injured  one  and,  if  anything,  seemed  to  avoid 
it  in  return.  This  could  be  interpreted  perhaps 
as  an  avoiding  reaction  to  homotypic  body 
fluids  similar  to  that  studied  by  von  Frisch 
(1938,  1941a,b)  on  Phoxinus. 

Five  days  later,  on  July  22,  the  dead  and 
whitish  tissue  about  the  wound  had  sloughed 
off  and  the  wound  appeared  smooth  and 
rather  pinkish.  Evidently  it  was  now  covered 
with  epithelium  and  perhaps  erythrophores 
were  developing.  At  this  time,  the  fish  re- 
turned to  the  aggregation  and  ran  with  the 
others.  With  the  tail  gone,  it  tended  to  be 


1 A discussion  of  the  situation  of  these  pools,  in  which 
they  are  described  in  connection  with  other  work,  is 
given  by  Breder  (1946). 
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lighter  toward  the  rear  so  that  when  at  rest 
it  would  point  downward.  This  was  overcome 
by  appropriate  pectoral  paddling,  except  when 
the  stump  was  waved,  which  activity  drove  the 
fish  straight  forward.  After  another  eight  days, 
on  July  30,  muscular  tension  evidently  tended 
to  draw  the  wound  together.  This  operated 
to  pull  both  dorsal  and  anal  inward  so  that 
some  of  the  rays  of  both  fins  pointed  straight 
back,  making  for  more  efficient  locomotion. 
This  is,  of  course,  typical  of  most  such  inju- 
ries, as  has  been  repeatedly  shown  by  the  lit- 
er ature  previously  listed. 

By  September  7,  53  days  after  the  injury, 
the  positions  of  the  vertical  fins  were  in  their 
final  place  and  from  then  on  there  was  no 
evident  change  (PI.  I,  Fig.  1).  This  fish  spent 
more  time  “standing  on  its  nose,”  working 
over  bottom  materials,  than  the  rest,  which 
may  have  been  associated  with  greater  ease 
in  maintaining  that  position  because  of  the 
new  conditions  of  equilibrium.  There  was  no 
evident  adjustment  to  this  new  condition  of 
equilibrium  by  the  swim  bladder,  the  fish 
to  the  last  maintaining  a horizontal  position 
only  by  pectoral  fin  activity. 

In  this  colony  of  fishes  there  was  another 
one  almost  identical  in  size  and  appearance 
to  the  injured  one.  As  considerable  growth 
was  shown  by  these  fishes  during  the  period, 
it  is  noteworthy  that  the  injured  one  kept  pace 
with  its  similar-sized  fellow,  the  damage  ap- 
parently not  reducing  its  speed  of  growth  suf- 
ficiently to  be  readily  noticeable. 

This  entire  process  of  healing  a major 
wound  took  place  at  the  speed  indicated  at 
temperatures  mostly  below  20°  Centigrade. 
On  the  day  of  the  accident  the  temperature 
in  the  pool  varied  from  21°  to  22°  and  on 
the  three  days  following  it  twice  reached  23° 
in  the  middle  of  the  day.  Following  this  the 
temperature  fell  and  continued  low  on  into 
August  because  of  the  lush  growth  of  shade 
trees,  being  mostly  below  20°  to  a low  of  18°. 
Only  on  two  warm  days  during  August  did 
highs  of  22°  occur.  The  fishes  were  removed 
to  indoor  aquaria  for  purposes  of  wintering 
on  October  4,  when  everything  seemed  to  be 
in  a satisfactory  condition.  Four  days  later 
the  tailless  fish  was  found  freshly  dead,  for 
no  evident  reason. 

A radiograph  (PI.  II,  Fig.  3)  showed  that  the 
spinal  cord  had  been  severed  at  the  level  of  the 
fourth  caudal  vertebra,  the  neural  spine  of 
which  was  missing  although  the  haemal  spine  re- 
mained. Since  goldfish  have  about  14  caudal  ver- 
tebrae, evidently  about  10  had  been  amputated. 
The  anal  fin  was  intact,  as  can  be  seen  by  the 
presence  of  the  characteristic  final  double  ray. 


The  similar  final  dorsal  ray  was  missing,  but  evi- 
dently few  if  any  more  had  been  lost,  as  the  fish 
had  16  soft  dorsal  rays  remaining  while  the  spe- 
cies usually  has  17.  Since  the  end  of  the  dorsal 
base  is  generally  over  the  eighth  caudal  vertebra, 
and  the  end  of  the  anal  base  under  the  tenth,  the 
curved  nature  of  the  bite  is  nicely  plotted  from 
a point  just  posterior  to  the  anal  fin  through  the 
fourth  caudal  vertebra  to  between  the  last  two 
dorsal  rays.  The  shape  of  the  bite  passing 
through  these  points  on  a normal  fish  (PI.  II, 
Fig.  4)  indicates  why  it  was  thought  that  the 
predator  was  probably  a turtle.  By  a compari- 
son with  other  goldfish  based  on  proportional 
measurements,  the  fish  must  have  been  very 
close  to  130  mm  in  total  length  before  the  acci- 
dent, actually  calculated  as  128  ± 12  mm.  Con- 
sidering the  shape  and  size  of  the  bite,  it  would 
require  an  animal  with  a gape  not  less  than  about 
20  mm  wide,  and  by  nature  of  the  clean  knife- 
like wound  it  would  seem  almost  certain  that 
the  animal  was  a marauding  snapping  turtle 
since  no  other  animal  in  the  region  combines 
these  characteristics  of  size  and  shape  of  mouth, 
actually  calculated  as  19  ± 1 mm  even  when 
some  allowance  is  made  for  the  growth  of  the 
fish.  This  kind  of  behavior  on  the  part  of  Chely- 
dra  was  not  previously  known  to  occur  here,  but 
there  is  an  old  ice  pond  not  more  than  five  hun- 
dred feet  distant  in  which  snapping  turtles  oc- 
cur. Probably  the  gape  was  much  wider  than  20 
mm,  which  it  could  easily  be  and  still  pass 
through  the  required  skeletal  points  noted,  as 
the  mouth  must  have  been  capacious  enough  to 
take  in  about  56  mm  of  peduncle  and  tail  fin, 
actually  calculated  as  56  ± 12  mm,  which  elimi- 
nates all  the  smaller  turtles  of  the  region.  Even 
if  the  tail  passed  out  one  side  of  the  mouth,  as 
on  a basis  of  the  position  of  the  curve  (PI.  IT, 
Fig.  4)  it  might  have,  the  situation  would  still 
call  for  a deep  cleft  jaw. 

The  accident  occurred  between  8:45  a.m.  and 
1 :00  p.m.,  as  the  fish  was  seen  intact  at  the  ear- 
lier hour  and  in  the  wounded  condition  at  the 
later  hour.  It  was  thus  clearly  not  some  night 
prowler  that  was  responsible. 

The  change  in  the  swim  bladder  is  perhaps  the 
most  striking  alteration  shown  by  the  radio- 
graphs. The  posterior  chamber  has  been  com- 
pletely suppressed,  but  as  already  noted  this  was 
insufficient  for  perfectly  normal  equilibrium. 
Autopsy  showed  that  the  posterior  chamber  of 
the  swim  bladder  had  lost  all  its  gas,  and  there- 
fore it  does  not  show  in  the  radiograph.  It  was 
still  in  place,  however,  but  reduced  to  a very 
small  size,  actually  a flat  disc  about  7 mm  in 
diameter.  From  side  to  side  it  was  only  as  thick 
as  twice  the  wall  of  this  part  of  the  bladder.  In 
its  uninflated  state,  because  of  the  elastic  nature 
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of  the  tissue,  the  walls  are  considerably  thicker 
than  the  stretched  wall  of  the  anterior  chamber. 

The  kidney  grew  down  and  in,  posterior  to 
the  now  functionally  one-chambered  swim  blad- 
der (PL  I,  Fig.  2)  and  enveloped  the  collapsed 
second  chamber.  While  it  would  be  difficult  to 
prove,  it  would  seem  that  the  kidney  had  under- 
gone some  hypertrophy,  a feature  not  unex- 
pected in  view  of  the  tremendous  amount  of 
physiological  work  it  must  have  been  called  on 
to  do  during  the  period  of  healing.  At  that  time 
the  problem  of  water  balance  must  have  been 
tremendous,  as  it  must  be  in  such  aquatic  ani- 
mals whenever  there  are  extensive  lesions. 

Evidence  of  the  completeness  of  the  recovery 
is  indicated  by  the  large  development  of  the 
ovaries.  These  were  quite  ripe  and  there  is  some 
evidence  that  a small  amount  of  spawning  had 
already  taken  place.  However,  at  no  time  was 
there  noted  any  behavior  suggestive  of  such  ac- 
tivity. 

Considering  only  the  extreme  cases  of  this 
kind  of  accident,  those  in  which  nearly  all  of 
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EXPLANATION  OF  THE  PLATES 


Plate  I 

Fig.  1.  Lateral  view  of  tailless  goldfish.  X 1.2. 
Prior  to  preservation. 

Fig.  2.  Dissection  of  the  formalin-preserved  spe- 
cimen showing  the  fully  developed  ovary 
and  the  apparently  hypertrophied  kidney. 
The  dark  mass  just  below  the  vertebral 
column  is  the  part  of  the  kidney  which  has 
descended  and  filled  the  space  on  the  left 
side  of  the  flattened  second  chamber  of 
the  swim  bladder.  A similar  lobe  is  present 
on  the  other  side  of  the  bladder.  The  in- 
flated first  chamber  may  be  seen  just  an- 


terior to  the  kidney  lobe.  Below  this  the 
large  ovary  reaches  the  length  of  the  body 
cavity  just  above  the  partially  visible  di- 
gestive tract. 

Plate  II 

Fig.  3.  Radiograph  of  tailless  goldfish,  showing 
change  in  the  swimbladder,  including  the 
disappearance  of  the  posterior  chamber. 

Fig.  4.  Radiograph  of  a normal  goldfish  of  com- 
parable size,  with  the  posterior  chamber 
of  the  swimbladder  intact.  The  curved  line 
indicates  the  points  through  which  the  bite 
passed. 
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A CASE  OF  SURVIVAL  OF  A GOLDFISH  FOLLOWING 
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The  Effects  of  Thiourea  Treatment  Upon  the  Thyroid, 
Pituitary  and  Gonads  of  the  Zebra  Fish,  Brachydanio  rerio' 

Joseph  L.  Scott1 2 

Department  of  Biology,  Brown  University,  Providence,  Rhode  Island 

(Plate  1) 


Introduction 

SINCE  the  work  of  Richter  & Clisby  (1941) 
and  MacKenzie  & MacKenzie  ( 1942) , thi- 
ourea and  related  antithyroid  chemicals 
have  become  widely  used  as  a tool  for  the  study 
of  the  thyroid  and  its  physiological  relation- 
ship with  other  endocrine  glands  of  the  body. 
Investigations  upon  the  common  laboratory 
mammals  have  revealed  essentially  consistent 
results.  The  treated  animals  responded  to  this 
method  of  inhibiting  the  synthesis  or  release  of 
the  thyroid  hormone  in  several  ways.  Growth 
and  differentiation  were  retarded  particularly 
in  young  animals,  cellular  changes  were  pro- 
duced in  several  of  the  endocrine  organs,  the 
most  noticeable  of  these  being  the  increased 
number  of  basophilic  cells  in  the  anterior  lobe 
of  the  pituitary.  The  increase  in  the  gross  weight 
of  the  thyroid  gland  was  associated  with  cellular 
hypertrophy,  follicular  hyperplasia  and  colloid 
loss. 

Some  of  these  effects  have  been  produced  in 
the  lower  vertebrates,  including  the  teleost  fishes. 
Goldsmith  et  al.  (1944)  found  that  immersion 
of  a hybrid  strain  of  Xiphophorus  helleri  and 
Xiphophorus  ( Platypoecilus ) maculatus  in  thi- 
ourea solutions  resulted  in  the  inhibition  of 
growth,  failure  in  the  development  of  the  sec- 
ondary sex  characters  and  marked  hyperplasia 
of  the  thyroid  gland.  A retardation  in  the 
maturation  of  the  gonads,  as  well  as  in  the  devel- 
opment of  secondary  sex  characters,  was  cor- 
related with  thyroid  changes  in  Phoxinus  laevis 

1 Submitted  in  partial  fulfillment  of  the  requirements 
for  the  Degree  of  Doctor  of  Philosophy  at  Brown 
University. 

2 Present  address,  the  Department  of  Zoology,  Uni- 
versity of  Connecticut,  Storrs,  Connecticut. 


following  chemical  thyroidectomy  (Barrington 
& Matty,  1952).  Similar  thiourea  treatment  of 
the  characin,  Astyanax  mexicanus,  by  Rasquin 
(1949)  did  not  produce  significant  changes  in 
the  percentage  of  chromophilic  cells  in  the  pit- 
uitary gland. 

The  experiments  presented  here  were  de- 
signed to  determine  the  effects  of  thiourea  upon 
the  thyroid,  pituitary  and  gonad  of  the  fresh- 
water teleost,  Brachydanio  rerio  (Hamilton- 
Buchanan)  (the  zebra  fish  of  tropical  fish  fan- 
ciers), as  well  as  its  effect  upon  body  growth.. 

Acknowledgement  is  made  at  this  time  to  Dr. 
J.  Walter  Wilson,  under  whose  guidance  this 
investigation  was  undertaken. 

Materials  and  Methods 

Young  zebra  fish  of  known  ages  were  raised 
from  eggs  laid  by  a single  female  fish  and  fer- 
tilized by  one  or  two  males.  A total  of  50  young 
fish  were  selected  for  a similarity  in  their  total 
lengths  and  set  up  experimentally,  as  shown  in 
Table  1. 

Each  group  of  fish  was  kept  in  a bare  five- 
gallon  tank  which  was  equipped  only  with  a 
conventional  electric  heating  unit  to  maintain 
water  temperature  at  76°-78°  F.,  and  a porous 
stone  that  was  connected  to  an  air  line  for  aerat- 
ing and  circulating  the  water.  The  two  groups 
of  control  fish  were  kept  in  conditioned  tap 
water  while  the  treated  fish  were  immersed  in 
0.33%  thiourea  solutions  prepared  with  con- 
ditioned tap  water.  During  the  first  month  of 
treatment,  the  solutions  of  the  control  and 
treated  tanks  were  changed  bi-weekly.  After 
this  period,  changes  were  made  weekly. 

At  the  end  of  each  experiment  the  fish  were 
stunned  either  by  immersion  in  iced  water  or 
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Table  1.  Summary  of  Treatment  of  Zebra  Fish  by  Immersion  in  0.33%  Solutions  of  Thiourea* 


Control 

Treated 

Number  of 
Animals 
15 
15 

Mean  Length 
(mm) 
10.6 
10.7 

Experiment  1 
Age 

(Weeks) 

6 

6 

Length  of 
Treatment 
(Weeks) 
16 
16 

Mortality 

1 

4 

Experiment  2 

Control 

10 

23.0 

20 

14 

1 

Treated 

10 

23.3 

20 

14 

3 

* For  details  see  Table  4. 


chilled  Bouin's  solution,  quickly  measured  for 
total  lengths  on  graph  paper  and  divided  into 
three  portions  by  two  transverse  cuts— one  made 
at  the  posterior  margin  of  the  operculum  and 
the  second  at  the  posterior  extremity  of  the  body 
cavity.  The  head  and  body  pieces  were  then  fixed 
in  Bouin’s  solution.  Tissues  were  dehydrated  in 
Dioxane  and  infiltrated  and  embedded  in  56°-58° 
paraffin.  Transverse  serial  sections,  five  micra 
in  thickness,  were  obtained  from  the  head  piece 
and  sections  of  seven  micra  thickness  from  the 
body  piece. 

Sections  of  the  head  region  which  included 
the  pituitary  gland  were  stained  with  Masson’s 
connective  tissue  stain  (Lillie,  1940),  using  acid 
fuchsin-ponceau  xylidin  mixture  and  fast  green 
F.  All  other  sections  were  stained  with  Harris’s 
hematoxylin  and  counterstained  with  eosin. 

Measurements  of  the  height  of  the  thyroid 
epithelial  cells  were  made  according  to  the  meth- 
od of  Rawson  & Starr  (1938)  with  certain  nec- 
essary modifications.  Their  method,  developed 
with  mammalian  thyroid  studies,  consisted  of 
measuring  the  height  of  one  cell  for  each  of  200 
different  follicles.  Instead  of  this,  because  of  the 
small  size  of  the  zebra  fish  thyroid,  ten  sections 
containing  thyroid  tissue  were  selected  for  an- 
alysis at  intervals  of  90  micra  or  more.  Ten  cells 
were  selected  for  measurement  from  all  of  the 
follicles  present  in  each  section.  For  the  con- 
trols, an  average  of  three  cells  were  measured 
from  each  follicle;  while  for  the  treated,  only 
one  cell  for  each  follicle  was  required.  In  this 
way,  a total  of  100  measurements  was  made 
for  each  fish.  The  anterior-posterior  length  of 
the  area  of  distribution  of  the  thyroid  follicles 
was  determined  by  analysis  of  the  serial  sec- 
tions of  the  lower  jaw. 

Cell  counts  were  made  of  the  transitional  lobe 
of  the  pituitary,  employing  the  technique  used 
by  Rasquin  (1949).  A Howard  ocular  marked 
in  16  equal  squares  was  used  as  a counting 
chamber  and  all  cells  that  fell  within  the  16 


squares  were  counted.  By  moving  the  slide  care- 
fully, it  was  possible  to  count  all  other  fields  in 
the  same  section  of  the  transitional  lobe  without 
duplication.  Beginning  with  the  section  in  which 
the  transitional  lobe  first  appeared,  all  the  cells 
with  nuclei  were  counted  for  every  2nd,  3rd  or 
4th  section,  depending  upon  the  size  of  the  fish. 

The  gonads  of  the  treated  fish  were  also  care- 
fully compared  histologically  with  those  of  the 
controls,  in  order  to  determine  whether  the  treat- 
ment had  any  effect  upon  these  organs. 

The  total  lengths  of  treated  and  control  fish 
were  analyzed  statistically  according  to  the 
Fisher  modification  of  “Student’s”  formula  for 
small  samples: 


t 


n2  + n2  - 2 
ni  <7i2  + n2  <r22 


ni  n2 
ni  + n2 


This  formula  was  also  employed  to  test  the 
significance  of  the  results  obtained  from  the 
study  of  the  thyroid  follicular  epithelium  and 
from  the  numerical  comparison  of  pituitary 
basophilic  cells. 

Results 

Effects  of  Treatment  upon  Thyroid— The 
zebra  fish  thyroid,  like  that  of  other  teleosts 
(Gudernatsch,  1911),  consists  of  a number  of 
individual  follicles  scattered  in  a long,  narrow 
streak,  ranging  from  the  first  to  the  third  bran- 
chial artery  and  loosely  suspended  in  the  con- 
nective tissue  of  the  lower  jaw  around  the 
ventral  aorta.  The  anterior  limit  of  the  zebra  fish 
thyroid  is  usually  prominently  marked  by  the 
largest  follicle  of  the  whole  gland,  and  it  is 
abreast  of  the  forward  extremity  of  the  gill 
chambers.  Follicles  are  lined  by  a single  layer 
of  epithelium  whose  cells  vary  from  a very 
flat  squamous-like  cell  to  a cuboid  one  (PI.  I, 
Fig.  1). 

The  changes  caused  in  this  gland  by  thiourea 
treatment  were  of  a hyperplastic  nature.  The 
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most  striking  effect  was  the  increase  in  number 
of  small  follicles  throughout  the  length  of  the 
gland.  The  smaller  blood  vessels  supplying  the 
thyroid  became  distended  with  blood  and  con- 
tributed to  the  crowded  condition  of  the  lower 
jaw.  The  anterior-posterior  axis  of  the  gland 
was  increased  almost  two-fold  over  that  of  the 
controls  (Table  2).  New  areas  were  invaded 
by  the  numerous  small  follicles  in  order  to  ac- 
commodate the  enlarged  thyroid.  Follicles  were 
observed  wedged  between  the  bones  of  the  an- 
terior end  of  the  jaw,  arranged  around  the 
branchial  arteries  in  the  gill  arches  and  embed- 
ded in  tissues  on  the  anterior  surfaces  of  the 
heart. 

A marked  increase  in  cellular  height  of  the 
follicular  cells  was  produced  (PI.  I,  Fig.  2). 
Table  2 shows  that  this  effect  was  more  pro- 
nounced in  the  older  group,  where  the  increase 
was  from  2.6  micra  to  4.8  micra.  The  nuclei 
of  these  cells  also  increased  in  size,  became 
more  vesicular  and  usually  contained  recogni- 
zable nucleoli.  In  the  older  group  of  fish,  colloid 
loss  was  indicated  by  a few  individual  collapsed 
follicles  scattered  throughout  the  gland,  but  this 
was  most  often  made  apparent  by  the  vacuolated 
condition  of  the  colloid  of  the  larger  follicles 
(PI.  I,  Fig.  2).  In  the  other  group  of  treated 
fish,  smooth  acidophilic  colloid  predominated 
and  collapsed  follicles  were  not  observed. 

Effects  of  Treatment  Upon  the  Pituitary 
Gland.— As  has  been  reported  for  other  teleosts 
(Potts,  1942,  and  Levenstein,  1939),  there  are 
four  portions  of  the  zebra  fish  pituitary  gland 
and  they  are  distinguishable  mainly  by  the  stain- 
ing reactions  of  their  cells.  These  are  referred  to 
as  the  pars  nervosa,  pars  anterior,  pars  inter- 
media and  the  transitional  lobe  or  ubergansteil. 
No  distinct  septa  separate  these  portions.  Most 
of  the  central  portion  of  the  gland  is  composed 
of  the  large  transitional  lobe  whose  mid-dorsal 
border  is  pushed  inward  by  ramifications  of 
nerve  fibers  and  blood  vessels  of  the  pars  ner- 
vosa. Anterior  and  ventral  to  this  lies  the  pars 
anterior.  The  pars  intermedia  is  a shell-like  por- 
tion located  immediately  behind  the  transitional 
lobe,  thus  constituting  the  posterior  portion  of 
the  gland. 

With  Masson’s  trichrome  stain,  the  transi- 
tional lobe  contrasted  sharply  with  the  cellular 
elements  of  the  other  portions  of  the  pituitary, 
because  it  contained  intensely  stained  dark  red 
acidophilic  cells,  bright  green  basophilic  cells 
and  colorless  or  light  orange  chromophobic  cells. 
In  the  glands  of  all  fish,  the  chromophobic  cells 
were  not  numerous  and  the  basophilic  cells  out- 
numbered the  acidophilic  ones.  The  peripheral 
regions  of  the  transitional  lobe  were  usually 
packed  solidly  with  basophilic  cells,  while  the 


central  portion  contained  most  of  the  acido- 
philic cells,  arranged  in  clusters  which  often 
surrounded  the  small  blood  vessels  of  the  gland. 

The  most  striking  effect  of  thiourea  treatment 
upon  the  pituitary  of  the  zebra  fish  was  a marked 
increase  in  the  percentage  of  basophilic  cells  in 
the  transitional  lobe,  as  is  shown  in  Table  3. 
Mitotic  figures  were  observed  among  the  baso- 
philic cells,  but  no  increase  in  cellular  size  was 
detected.  The  vascularity  of  the  gland,  as  a 
whole,  appeared  to  be  slightly  increased. 

Effect  of  Treatment  Upon  the  Gonads—  The 
gonad  development  of  the  younger  group  of 
treated  fish  was  much  retarded  by  thiourea  treat- 
ment, while  in  the  older  group,  with  one  excep- 
tion, maturation  of  the  testes  was  not  effected. 

After  sixteen  weeks  of  treatment,  the  fish  in 
the  younger  group  were  twenty-two  weeks  old. 
The  gonads  of  the  control  fish  were  easily  iden- 
tified as  testes  or  ovaries  by  microscopic  exam- 
ination. The  ovaries  were  composed  of  develop- 
ing eggs  of  varied  ages  and  sizes  (PI.  I,  Fig.  4). 
The  testes  consisted  of  cysts  of  cells  in  all  stages 
of  spermatogenesis,  but  earlier  stages  predom- 
inated (PI.  I,  Fig.  3).  In  contrast  with  this,  all 
gonads  of  the  treated  fish  were  much  smaller 
in  size  and  showed  little  or  no  cellular  differen- 
tiation. The  major  portion  of  all  these  gonads 
was  composed  of  a few  gonial  cells,  which 
were  encircled  and  held  together  either  singly 
or  in  occasional  groups  of  two  or  more  cells 
by  interstitial  cells  (PL  I,  Fig.  5).  The  cellular 
appearance  of  these  cells  in  the  gonads  of  treated 
fish  was  similar  to  that  of  the  early  develop- 
mental stages  observed  by  Frolander  (1950). 
Each  gonial  cell  contained  a large  round  oval 
nucleus,  4-6  micra  in  diameter,  with  a dark  baso- 
philic-staining nucleolus,  and  evenly  distributed, 
fine  chromatin  granules  in  its  nucleoplasm.  The 
cystoplasm  of  these  cells  was  moderately  stained 
and  filled  with  very  fine  granules.  In  the  gonads 
of  only  two  specimens  of  this  group  some  de- 
velopment had  occurred,  and  here  a few  cysts 
of  cells  were  observed  as  recognizable  stages  of 
spermatogenesis.  Even  in  these  organs  the  gonial 
cells  were  predominant,  however. 

All  of  the  treated  fish  belonging  to  the  older 
group  proved  to  be  males  and  therefore  limited 
the  observations  of  the  effect  of  thiourea  to  the 
testis.  Comparable  numbers  of  cysts  of  all  stages 
of  spermatogenesis  were  present  in  both  the 
treated  and  control  fish.  The  majority  of  the 
testicular  cysts  in  all  testes,  treated  and  control, 
were  in  the  late  states  of  spermatogenesis.  There 
was  a single  example  of  testis  involution  where 
the  treated  gonad  consisted  of  cysts  of  typical 
gonial  cells  (PL  I,  Fig.  6) . An  exhausted  or  spent 
condition  of  this  testis  was  indicated  also  by  the 
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presence  of  a few  cysts  of  sperm  cells  and  the 
absence  of  any  intermediate  stages  of  spermato- 
genis. 

Effect  of  Treatment  on  Growth—  Another 
effect  of  the  thiourea  treatment  was  a retarda- 
tion of  growth.  Table  4 shows  this  comparison 
of  total  lengths  of  treated  and  control  fish.  The 
Fisher  modificaton  of  “Student’s”  formula  was 
applied  for  testing  the  significant  differences 
between  groups,  since  small  numbers  of  animals 
were  used  for  experimentation.  Values  for  t 
(significance)  of  3 or  higher  indicate  that  results 
are  significant,  fn  this  experiment,  values  of 
12.01  and  3.48  were  obtained. 

Discussion 

Thyroid.— Some  of  the  changes  produced  in 
the  thyroid  of  the  zebra  fish  after  thiourea  treat- 
ment were  a readily  apparent  increase  in  the 
number  of  follicles  visible  in  a single  field,  a 
preponderance  of  very  small  follicles,  an  in- 
creased height  of  follicular  cells  and  a wide- 


spread proliferation  of  follicles  with  an  increase 
in  thyroid  length  and  an  invasion  into  abnormal 
regions  of  the  lower  jaw.  Some  of  these  effects 
were  found  in  the  thyroids  of  the  fish  of  a Xipho- 
phorus  hybrid  strain  (Goldsmith  et  al,  1944). 
The  thyroid  region  of  the  lower  jaw  also  be- 
came hyperemic,  very  much  like  the  condition 
described  by  Tinacci  (1948)  for  selachians  after 
thiouracil  ingestion  and  also  similar  to  that  pro- 
duced in  Fundulus  by  injections  of  sheep  pitu- 
itary extracts  (Albert,  1945). 

However,  the  hyperplastic  changes  were  not 
as  severe  as  those  that  have  been  produced  in 
higher  forms.  A regression  of  thyroid  activity, 
as  was  evidenced  by  the  presence  of  numerous 
small  follicles  with  non-vacuolated  colloid  and 
the  scarcity  of  collapsed  follicles,  was  more  typi- 
cal of  the  results  obtained  after  long  (4  months) 
thiourea  exposures  of  tadpoles  (Gordon  et  al, 
1945)  and  after  longer  (12  months)  thiouracil 
treatment  of  mice  (Dalton  et  al,  1948).  This 
suggests  either  a failure  in  thyrotropic  hormone 


Table  2.  Length  of  Thyroid  Gland  and  Cellular  Heights  of  the  Follicular  Epithelium 


Experiment  1 


Twenty-two-weeks  old  fish  immersed  in  0.33%  solutions  of  thiourea  for  16  weeks. 

Gland  Length 

Follicular  Epithelium 

Total 

Thyroid 

Thyroid  Length 

Cellular 

Standard 

Length 

Length 

per  mm  of 

Height 

Error  Significance 

Fish 

(mm) 

(micra) 

Total  Length 

(micra)* 

(S.E.)  (t) 

Controlst 

1 

24 

1071 

44 

2.40 

2 

24 

1358 

57 

1.96 

3 

24 

— 

— 

2.16 

4 

24 

1099 

46 

2.29 

5 

24 

1190 

49 

2.23 

6 

24 

1694 

71 

2.33 

7 

24 

1302 

54 

2.23 

10 

25 

1386 

55 

2.28 

11 

26 

1757 

65 

2.68 

Average 

24.4 

1208 

55 

2.28 

±0.08  5.02 

Treated 

1 

14 

1649 

118 

3.94 

2 

15 

1855 

124 

4.27 

3 

15 

1354 

90 

4.58 

4 

15 

1312 

89 

3.01 

5 

16 

1922 

120 

2.21 

6 

17 

2027 

119 

4.79 

7 

17 

— 

_ 

3.72 

8 

17 

2044 

120 

2.81 

9 

17 

1583 

93 

3.50 

10 

15 

1554 

102 

3.81 

11 

15 

1554 

102 

3.28 

Average 

15.7 

1685 

108 

3.63 

±0.22 


1953] 


Scott:  Effects  of  Thiourea  Treatment  on  Zebra  Fish 


57 


production  or  a failure  in  the  hormone  release 
mechanism  of  the  pituitary  gland,  or  a combina- 
tion of  both.  The  fact  that  the  evidence  for 
thyroid  regression  was  more  prominent  in  the 
younger,  longer-treated  fish  seems  to  indicate 
a more  complete  failure  of  the  pituitary  glands 
of  this  group  of  fish. 

Pituitary.—  Evidence  of  a thyroid-pituitary  re- 
lationship in  teleosts  has  beeen  presented  by 
experiments  of  a varied  nature.  In  1940,  Gorb- 
man  increased  the  height  of  the  follicular  epi- 
thelium of  the  goldfish  thyroid  gland  by  injec- 
tions of  thyrotropic  hormones  from  a variety  of 
sources.  More  recently,  Olivereau  noted  that 
there  was  a distinct  difference  in  thyroid  activ- 
ity between  two  species  of  Mullus.  The  histo- 
logical appearance  of  the  pituitary  of  these 
two  species  reflected  the  state  of  activity  of  the 
thyroid  glands.  Increased  numbers  of  pituitary 
basophilic  cells  were  correlated  with  a hyper- 
functional thyroid  and  thus  provided  a basis 
for  the  conclusion  that  these  cells  were  con- 


cerned in  the  formation  of  the  thyrotropic  hor- 
mone in  these  teleosts. 

The  results  of  the  histological  study  of  the 
pituitary  and  thyroid  of  the  zebra  fish  after 
thiourea  treatment  support  this  conclusion.  In 
this  animal  an  increase  in  the  percentage  of 
basophilic  cells  of  the  pituitary  is  correlated  with 
the  hyperactivity  of  the  thyroid  and  indicates 
that  in  the  zebra  fish  these  cells  are  the  com- 
ponents of  the  pituitary  gland  concerned  with 
the  production  and  secretion  of  the  thyrotropic 
hormone.  As  in  other  forms,  the  thyroid  gland 
is  rendered  hypofunctional  by  thiourea.  To  cor- 
rect for  this  condition,  the  basophilic  cells  of  the 
pituitary  produce  and  secrete  abnormal  amounts 
of  tropic  hormones  which,  in  turn,  cause  the 
thyroid  to  become  hyperactive.  This  gland,  how- 
ever, because  of  continued  treatment,  remains 
hypofunctional. 

Gonads— The  effects  of  antithyroid  sub- 
stances upon  gonads  of  higher  forms  seem  to 
fall  into  two  catagories.  If  thiourea  is  admin- 


Table 

2.  Length 

of  Thyroid  Gland 

and  Cellular  Heights  of  the 
( Continued ) 

Follicular  Epithelium 

Experiment  2 

Thirty-four-weeks  old  fish  immersed  in  0.33%  solutions  of  thiourea  for  14  weeks. 
Gland  Length  Follicular  Epithelium 

T otal 

Thyroid 

Thyroid  Length 

Cellular 

Standard 

Length 

Length 

per  mm  of 

Height 

Error  Significance 

Fish 

(mm) 

( micra ) 

Total  Length 
Controls'! 

(micra)  * 

(S.E.)  (t) 

1 

28 

2226 

79 

2.64 

2 

30 

2415 

80 

3.19 

3 

27 

2037 

75 

2.64 

4 

25 

1650 

66 

2.97 

5 

28 

1809 

64 

2.86 

6 

29 

2177 

74 

2.31 

7 

28 

1918 

67 

2.31 

8 

29 

1960 

67 

2.20 

9 

23 

1771 

77 

1.87 

Average 

27.4 

1996 

72 

Treated 

2.55 

±0.13  9.19 

1 

25 

2982 

119 

5.72 

2 

25 

2485 

99 

4.29 

3 

25 

3101 

124 

4.29 

4 

22 

2394 

108 

4.29 

5 

25 

3213 

128 

4.84 

6 

25 

2772 

111 

4.73 

7 

24 

3507 

146 

5.17 

Average 

24.4 

2922 

120 

4.76 

±0.19 

* This  figure  represents  the  average  of  measurements  of  100  cells  from  follicles  of  10  different  sections  of  the 
gland.  The  height  was  taken  for  10  follicle  cells  from  each  section,  the  sections  being  approximately  160  micra  apart. 

t Since  such  consistent  results  were  obtained  from  the  study  of  thyroid  glands  of  the  control  fish,  only  nine  of 
the  fourteen  were  utilized. 
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istered  for  short  periods,  no  changes  are  pro- 
duced in  the  adult  frog  testis  (Joel  et  al,  1949). 
However,  inhibition  of  gonad  development,  as 
well  as  involution  of  gonads,  have  been  reported 
after  prolonged  (20  weeks)  thiourea  treatment 
in  mice  (Dalton  et  al,  1949)  and  in  chickens 
(D’Angelo  et  al,  1948) . In  young  Xiphophorus 
hybrids  (Goldsmith  et  al,  1944)  and  young  Le- 
bistes  (Nigrelli  et  al,  1946)  prolonged  (4 
months)  thiourea  treatment  completely  pre- 
vented the  development  of  the  secondary  sex 
characters.  In  the  minnow,  Phoxinus  laevis,  the 
development  of  the  gonads  as  well  as  the  ap- 
pearance of  secondary  sex  characters  was  re- 
tarded by  this  means  of  chemical  thyroidectomy 
(Barrington  & Matty,  1952) . On  the  other  hand, 
conflicting  results  are  recorded  for  thyroid  ex- 
cess experiments.  A precocious  development  of 
the  gonopodium  (modified  anal  fin)  was  in- 
duced in  immature  male  platyfish,  Xiphophorus 
( Platypoecilus ) maculatus,  with  either  thyroid 


powder  or  thyroxine  solution  (Grobstein  & 
Bellamy,  1939).  However,  Smith  & Everett 
(1943)  were  unable  to  induce  similar  changes 
in  guppies  fed  similar  substances  from  birth. 

In  the  zebra  fish,  inhibition  of  gonad  devel- 
opment and  differentiation  was  complete  in  the 
younger  group  where  treatment  was  initiated 
upon  fish  with  undifferentiated  gonads,  and  this 
effect  is  parallel  to,  if  not  more  striking  than, 
those  produced  in  Phoxinus  laevis,  another 
member  of  the  family  Cyprinidae  (Barrington 
& Matty,  1952).  On  the  other  hand,  in  the 
testes  of  the  older  group  of  zebra  fish  where 
treatment  was  begun  on  immature  but  differen- 
tiated gonads,  thiourea  seemed  to  have  little  or 
no  effect.  Although  a statistical  study  was  not 
made,  there  appeared  to  be  comparable  num- 
bers of  cysts  of  all  stages  of  spermatogenesis  in 
both  the  control  and  treated  fish.  The  aberrant 
condition  of  the  testes  of  the  single  responsive 
male  of  this  same  group  is  very  similar  to  that 


Table  3.  Percentage  of  Basophilic  Cells  of  the  Pituitary 


Experiment  1 

Twenty-two-weeks  old  fish  immersed  in  0.33%  solutions  of  thiourea  for  16  weeks. 


(All  of  the  acidophilic  and  basophilic  cells  were  counted  in  every  third  section  of  the  gland  in  which  the 
transitional  lobe  was  present  for  the  controls,  and  in  every  second  section  for  the  treated). 


Total 

Total 

Number  of  Per  cent 

Standard 

Length 

Cells 

Basophilic  Basophilic 

Error 

Significance 

Fish 

(mm) 

Sex 

Counted 

Cells 

Cells 

Average 

(S.E.) 

(t) 

Controls 

1 

24 

M 

Poor  histological  preparation 

2 

24 

F 

5470 

3092 

56.5 

3 

24 

F 

3668 

2162 

59.0 

4 

24 

M 

5437 

3794 

69.0 

5 

24 

M 

3665 

2229 

60.9 

6 

24 

F 

4085 

2450 

60.1 

7 

24 

F 

2347 

1308 

55.7 

59.1% 

±1.4 

8 

25 

F 

3333 

1816 

54.5 

9 

25 

F 

2822 

1456 

52.0 

10 

25 

M 

2335 

1459 

62.6 

11 

26 

F 

4076 

2498 

61.3 

12 

27 

Pituitaries  not  studied 

13 

28 

Pituitaries  not  studied 

14 

28 

Pituitaries  not  studied 

9.42 

Treated 

1 

14 

U 

Poor  histological  preparation 

2 

15 

U 

1560 

1114 

71.4 

3 

15 

U 

1531 

1250 

81.6 

4 

15 

u 

1033 

892 

85.4 

5 

16 

u 

1296 

1111 

85.7 

6 

17 

M 

3238 

2555 

79.9 

80.7% 

±1.4 

7 

17 

U 

1885 

1487 

78.8 

8 

17 

U 

2720 

2211 

82.2 

9 

17 

M 

2070 

1691 

81.7 

10 

15 

U 

Entire  gland  stained  lightly  acidophilic 

11 

15 

u 

Entire  gland  stained  lightly  acidophilic 
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of  a single  male  of  the  treated  minnows.  These 
results  of  gonad  inhibition  are  similar  to  effects 
of  hypophysectomy  upon  Fundulus  gonads  re- 
ported by  Mathews,  1939.  If  the  inhibition  and 
involution  effects  of  thiourea  on  the  gonads  are 
considered  in  terms  of  the  changes  produced  in 
the  thyroid  gland,  it  can  be  postulated  that  all 
of  these  changes  are  induced  by  way  of  the 
pituitary  gland  and  probably  are  not  due  to  a 
direct  action  of  the  chemical.  It  is  as  though 
the  increased  demands  for  thyrotropin  stimu- 
lated by  thiourea  treatment  have  overtaxed  the 
pituitary  to  such  an  extent  that  amounts  of  gona- 
dotropin, adequate  for  normal  gonad  develop- 
ment, are  no  longer  maintained.  Confirmation 
of  the  reduction  of  gonadotropin  production 
during  thiourea  treatment  is  lacking  in  fish;  but 
in  rats,  after  short  (20-22  days)  treatments, 
evidence  for  larger-than-normal  amounts  of 
gonadotropin  was  reported  by  Leathern  (1945), 
but  after  prolonged  (8  months)  treatment, 
lower-than-normal  levels  of  this  hormone  were 
detected  by  Janes  (1946). 

Growth— Thiourea  treatment  caused  a retar- 
dation in  growth  of  the  zebra  fish,  just  as  it  did 
in  Lebistes  and  in  Xiphophorus.  This  effect  upon 
growth  is  more  pronounced  in  the  young,  rap- 
idly-growing zebra  fish  than  in  the  more  mature 
one.  Since  growth  retardation  is  correlated  with 


a hypofunctional  thyroid,  then  normal  growth 
rates  in  fish  must  be  dependent,  in  part  at  least, 
upon  the  thyroid  or  its  hormone.  This  relation- 
ship of  the  thyroid  hormone  to  growth  has  been 
tested  further  in  fish  by  Nigrelli  et  al  (1946). 
Simultaneous  treatment  of  guppies  with  mam- 
malian thyroid  powder  and  thiourea  caused  an 
increase  in  growth  of  these  fish  similar  to  that 
of  their  untreated  controls  and  greater  than  that 
of  thiourea-treated  fish.  In  these  experiments 
upon  the  zebra  fish— while  most  of  the  effects 
upon  growth  must  also  have  been  by  way  of  the 
thyroid  gland— evidence  of  some  liver  damage 
suggests  that  some  of  the  growth  retardation 
may  have  been  the  result  of  the  toxicity  of  the 
concentration  of  thiourea  used. 

Summary 

1.  The  thyroid,  pituitary  and  gonad  of  the 
tropical  freshwater  fish,  Brachydanio  rerio,  were 
examined  histologically  to  ascertain  the  effects 
of  immersion  in  solutions  of  0.33%  thiourea. 
An  analysis  of  total  lengths  of  fish  was  also 
made  as  a means  of  observing  effects  upon 
growth.  The  evidence  obtained  from  the  obser- 
vation of  the  glands  indicated  that  such  treat- 
ment produced  a hypofunctional  thyroid  in  the 
zebra  fish. 


Table  3.  Percentage  of  Basophilic  Cells  of  the  Pituitary  ( Continued ) 


Experiment  2 

Thirty-four-weeks  old  fish  immersed  in  0.33%  solutions  of  thiourea  for  14  weeks. 

(All  of  the  acidophilic  and  basophilic  cells  were  counted  in  every  fourth  section  of  the  gland  in  which  the 
transitional  lobe  was  present). 


Total 

Total 

Number  of 

Per  cent 

Standard 

Length 

Cells 

Basophilic 

Basophilic 

Error 

Significance 

Fish 

(mm) 

Sex 

Counted 

Cells 

Cells 

Average 

(S.E.) 

(t) 

Controls 

1 

28 

F 

6018 

2968 

49.3 

2 

30 

M 

7477 

4849 

64.9 

3 

27 

M 

4777 

3363 

70.4 

4 

25 

M 

3194 

2059 

64.7 

5 

28 

M 

7397 

5397 

72.0 

67.5 

±1.23 

6 

29 

M 

5813 

4085 

70.2 

(average 

7 

28 

M 

4004 

2711 

67.7 

% for  7 

8 

29 

M 

6091 

3811 

62.6 

males) 

9 

23 

F 

3021 

2332 

77.0 * 

4.62 

Treated 

1 

25 

M 

5833 

4823 

82.7 

2 

25 

M 

5755 

4664 

81.2 

3 

25 

M 

6606 

5547 

84.0 

4 

22 

M 

3024 

2624 

72.7 

77.9 

±1.69 

5 

25 

M 

3129 

2229 

74.0 

6 

25 

M 

5865 

4567 

77.9 

7 

24 

M 

4375 

3198 

73.1 

* Control  specimen  No.  9 was  sickly  and  stunted  when  killed. 
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2.  Thiourea  caused  thyroid  hyperplasia,  as 
was  evidenced  by  a large  increase  in  the  num- 
bers of  small  follicles;  an  increased  length  of 
the  gland;  the  invasion  of  follicles  into  abnormal 
sites  in  the  anterior  region  of  the  jaw,  in  the 
branchial  region,  and  on  the  anterior  surface 
of  the  pericardium;  the  hyperemic  condition 
of  the  lower  jaw;  and  the  increased  cellular 
heights  of  the  follicular  cells.  The  loss  of  col- 
loid was  not  pronounced  and  usually  was  not 
associated  with  follicular  collapse. 

3.  Cell  counts  showed  that  the  changes  in  the 
pituitary  consisted  of  an  increase  in  the  per- 
centage of  basophilic  cells  of  the  transitional 
lobe  with  some  increase  in  vascularity  of  the  en- 
tire gland.  These  results  are  consistent  with  the 
hypothesis  that  the  basophilic  cells  are  the 
source  of  the  thyrotropic  hormone  in  the  zebra 
fish. 


4.  The  thyroid  gland  of  the  zebra  fish  is  con- 
cerned in  maintaining  a normal  growth  rate.  By 
treatment,  growth  was  retarded  in  both  the  six- 
weeks  and  five-months  old  groups  of  fish.  More 
pronounced  effects  were  shown  by  the  young 
fish. 

5.  An  inhibition  of  gonad  development  char- 
acteristic of  the  young  treated  fish  and  an  in- 
stance of  gonad  involution  in  the  older  treated 
fish  suggest  that  insufficient  gonadotropic  sub- 
stances were  being  produced  by  a pituitary 
gland,  seemingly  overtaxed  by  the  demands  of 
a hypofunctional  thyroid. 
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Length  at 

Length  at 

Beginning 
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Average 

of  Exp. 

Length 

Standard 

of  Exp. 

Length 

(mm) 

(mm) 

Error 
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Controls 
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10 

24 

10 

24 

10 

24 

10 

24 

10 

24 

11 

10.60 
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24 
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25 
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25 

11 

25 

11 

26 

11 

27 

11 

27 

11 

28 

11 
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15 
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15 

10 

15 

11 

15 

11 

15 

11 

16 

11 
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17 
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11 
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11 

11 
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Table  4.  A Comparison  of  Growth  of  Control  and  Treated  Fish  ( Continued ) 


Experiment  2 


Thirty-four-weeks  old  fish  immersed  in  0.33%  solutions  of  thiourea  for  14  weeks. 


Length  at 

Length  at 

Beginning 

Average 

End 

Average 

of  Exp. 

Length 

Standard 

of  Exp. 

Length 

(mm) 

(mm) 

Error 

(mm) 

Controls 
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23 

20 

25 

22 

27 

22 

28 

23 
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30 
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EXPLANATION  OF  THE  PLATE 


All  figures  are  photomicrographs  of  tissues  fixed 

in  Bouin’s  and  stained  with  haemotoxylin-eosin. 

X ca.  850. 

Fig.  1.  The  flat  epithelium  and  smooth  acidophilic 
colloid  of  a thyroid  follicle  from  a control 
fish  34  weeks  old. 

Fig.  2.  The  heightened  epithelium  and  vacuolated 
colloid  of  a thyroid  follicle  from  a 34- 
weeks-old  fish  after  14  weeks  of  thiourea 
treatment. 

Fig.  3.  A portion  of  the  testis  of  a control  fish 
22  weeks  old,  showing  many  stages  of 
spermatogenesis. 


Fig.  4.  A section  from  the  right  ovary  of  a control 
fish  22  weeks  old. 

Fig.  5.  A section  of  an  undifferentiated  gonad  of 
a 22-weeks-old  fish,  after  16  weeks  of 
thiourea  treatment.  Note  the  few  large 
nuclei  surrounded  by  smaller,  darker- 
stained,  interstitial  cells. 

Fig.  6.  A portion  of  an  involuted  testis  from  a 
34-weeks-old  fish,  after  thiourea  treat- 
ment for  14  weeks.  Note  the  numerous 
cells  (similar  to  gonial  cells)  with  large 
nucleolated  nuclei. 
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Body  Temperatures  of  the  Tuatara  under  Natural  Conditions 


Charles  M.  Bogert 
The  American  Museum  of  Natural  History 


SEVERAL  studies  concerned  with  thermo- 
regulation in  amphibians  and  reptiles  have 
been  carried  out  in  recent  years  (refer- 
ences cited  by  Bogert  1949,  1952),  but  there 
has  been  no  detailed  account  of  the  thermal 
requirements  of  the  supposedly  primitive  tua- 
tara, the  rhynchocephalian  relict,  Sphaenodon 
punctatum,  that  inhabits  islets  off  the  coast  of 
New  Zealand.  Elowever,  when  Dr.  Karl  P. 
Schmidt  and  Dr.  Robert  Cushman  Murphy  were 
in  New  Zealand  in  1949,  they  generously  made 
arrangements  with  Mr.  William  H.  Dawbin  of 
Victoria  University  College  to  have  him  assem- 
ble the  required  information.  To  secure  body 
temperatures  of  tuataras  while  they  were  abroad 
and  active  at  night,  Mr.  Dawbin  made  two  trips. 
On  April  23-25  he  obtained  the  temperatures 
of  45  individuals  on  Stephen  Island.  Owing  to 
the  fact  that  tuataras  were  not  abroad  during 
the  winter  months,  he  did  not  return  until  the 
following  spring  (November) , after  he  had  been 
informed  by  the  lighthouse  keepers  that  the 
reptiles  had  re-emerged.  On  his  second  trip  the 
nights  of  November  4 to  6 were  spent  on  Ste- 
phen Island,  where  the  temperatures  of  26  addi- 
tional specimens  were  recorded.  The  purpose  of 
this  note  is  to  report  Mr.  Dawbin’s  findings. 

All  temperatures,  including  those  of  the  air, 
the  substratum,  and  of  the  reptile,  were  obtained 
with  the  special  thermometer  described  by  Bog- 
ert (1949).  To  avoid  recaptures  each  tuatara 
was  marked  with  a toe-clip  prior  to  release.  Care 
was  taken  to  prevent  the  transfer  of  heat  from 
the  hands,  and  the  record  for  one  tuatara  held 
two  minutes  before  a thermometer  could  be 
inserted  in  its  cloaca  is  omitted  from  tabulations 
since  the  temperature  was  0.8°  C higher  than 
that  for  any  other  taken  in  April.  The  speci- 
mens captured  varied  from  95  to  277  mm  in 
snout-vent  length,  but  there  is  no  evidence  of 
any  correlation  of  size  with  body  temperatures. 
All  readings  were  obtained  for  tuataras  active 
between  the  hours  of  8:30  p.m.  and  1:00  a.m., 


most  of  them  between  ten  and  midnight.  Dur- 
ing the  nights  when  the  temperatures  were  re- 
corded the  weather  varied  from  calm  and  clear 
to  overcast,  with  a “cold  gusty  wind”  on  one 
night  in  April,  and  with  strong  or  moderate 
winds  in  November,  when  three  nights  were 
respectively  clear,  foggy  or  with  rain.  The  re- 
sults of  Mr.  Dawbin’s  records  are  presented  in 
the  following  table: 

Table  I.  Thermal  Data  for  Sphaenodon 


BODY  TEMPERATURES  °C 


Time 

No.  of 
obs. 

Mean 

±oM 

Range 

Coef. 

Var. 

Apr. 

45 

ll.0rt.23 

6.2-12.2 

13.9 

Nov. 

27 

10.6:±.34 

7.6-13.3 

16.9 

Apr.  + Nov. 

72 

10.9±.19 

6.2-13.3 

15.1 

AIR  TEMPERATURES  °C 


Time 

No.  of 
obs. 

Mean 

±<rM 

Range 

Coef. 

Var. 

Apr. 

45 

1 2.2rt . 1 3 

9.4-14.0 

7.2 

Nov. 

17 

11.4±.35 

8.8-13.7 

12.9 

Apr.  T Nov. 

62 

12.0±.14 

8.8-14.0 

9.3 

There  is  no  significant  difference  between  the 
means  for  body  temperatures  in  April  (1 1.0°  C) 
and  November  (10.6°  C).  It  is  noteworthy  that 
tuataras  tend  to  be  somewhat  cooler  than  their 
surroundings.  The  difference  of  only  0.8°  C be- 
tween means  for  the  air  temperatures  obtained 
during  the  two  seasons  is  statistically  but  prob- 
ably not  ecologically  significant.  Temperatures 
of  tuataras  recorded  on  nights  when  the  weather 
was  windy  tend  to  be  more  uniform  than  those 
obtained  when  it  was  clear  and  calm.  Two  of 
the  three  tuataras  (not  included  in  tabulations) 
taken  during  daylight  hours  on  the  afternoon 
of  April  23  had  higher  temperatures,  14.0  and 
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18.0°  C,  respectively,  than  any  taken  at  night, 
probably  because  they  had  been  basking  prior 
to  capture.  A few  substratum  temperatures  re- 
corded at  night  in  November  tend  to  be  only  a 
fraction  of  a degree  higher  than  those  of  the 
air,  recorded  at  approximately  the  same  time, 
5 cm  above  the  spot  where  each  tuatara  was 
captured. 

The  temperatures  obtained  by  Mr.  Dawbin 
are  somewhat  lower  than  those  reported  for  ter- 
restrial salamanders  abroad  and  active  during 
the  summer  in  the  higher  mountains  of  Virginia 
(Bogert,  1952).  More  significantly  perhaps,  the 
tuatara  proves  to  be  active  at  a far  lower  mean 


body  temperature  than  any  other  reptile  thus 
far  studied.  Possible  implications  of  such  ther- 
mal requirements  are  discussed  elsewhere  (Bog- 
ert, 1953). 
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The  Amphibians  and  Reptiles  of  the  Hawaiian  Islands 

James  A.  Oliver  & Charles  E.  Shaw 
New  York  Zoological  Society  and  Zoological  Society  of  San  Diego 


(Text-figures  1-19) 


Introduction 

THIS  paper  presents  an  annotated  list  of 
the  eight  amphibians  and  fifteen  reptiles 
that  comprise  the  herpetofauna  of  the  Ha- 
waiian Islands.  It  includes  comments  on  all  of 
the  non-marine  species  that  are  known  to  be 
established  and  the  marine  species  occurring  in 
the  archipelago  at  the  present  time,  together 
with  brief  historical  accounts  of  these  animals 
in  the  islands.  A key  for  the  identification  of 
the  forms  is  included  to  assist  local  students  in 
recognizing  the  species  encountered.  The  term 
“established”  is  used  for  those  terrestrial  and 
freshwater  species  that  are  represented  by  re- 
producing populations  in  the  Hawaiian  Islands. 

The  paper  is  based  in  part  on  field  observa- 
tions and  a large  collection  made  by  one  of  us, 
Shaw,  while  stationed  in  the  islands  during 
World  War  II.  These  specimens  are  now  in  the 
private  herpetological  collections  of  Dr.  Laur- 
ence M.  Klauber  of  San  Diego.  In  addition  to 
this  material.  Dr.  Harvey  I.  Fisher  of  the  Uni- 
versity of  Illinois  sent  two  collections  from  the 
islands  to  the  American  Museum  of  Natural 
History.  These  were  recently  made  while  Dr. 
Fisher  was  a member  of  the  faculty  of  the  Uni- 
versity of  Hawaii.  He  has  also  supplied  us  with 
additional  specimens  and  pertinent  information. 
The  Shaw  and  Fisher  collections  comprise  the 
primary  basis  for  the  report.  Additional  Hawai- 
ian specimens  in  museums  have  been  examined 
in  some  cases. 

Stejneger’s  (1899)  report  on  the  land  reptiles 
represents  the  earliest  comprehensive  treatment 
of  the  herpetofauna  of  the  islands.  McGregor 
(1904)  and  Snyder  (1917)  presented  interest- 
ing data  on  the  lizards  of  the  islands,  while 
Svihla  (1936)  listed  some  of  the  amphibians 
and  described  the  life  history  of  one  of  the  frogs 
in  detail.  La  Rivers  (1948),  in  his  general  eco- 
logical notes  on  the  fauna  of  the  islands,  in- 


cluded interesting  field  observations  on  a small 
number  of  amphibians  and  reptiles.  In  the  re- 
port on  his  collections  from  the  Pacific  islands, 
Fisher  (1948)  included  collecting  localities  and 
brief  observations  on  the  species  that  he  ob- 
tained in  the  Hawaiian  Islands. 

Several  general  popular  accounts  of  the  Ha- 
waiian herpetofauna  have  been  included  in  the 
various  natural  history  books  on  the  islands, 
such  as  the  works  of  Perkins  (1903),  Bryan 
(1915)  and  Tinker  (1938;  sec.  ed.,  1941).  The 
last  of  these  gives  by  far  the  best  account  of  the 
amphibians  and  reptiles  that  has  yet  been  pub- 
lished for  the  islands.  Many  Hawaiian  forms  are 
included  in  Loveridge’s  (1945)  resume  of  the 
reptiles  of  the  Pacific  world.  Other  accounts  of 
species  occurring  in  the  islands  are  to  be  found 
in  scattered  scientific  publications  or  are  in- 
cluded in  large  works  covering  related  groups. 
These  references  are  included  in  the  bibliog- 
raphy at  the  end  of  this  paper. 

For  each  species  we  have  listed  only  a brief 
synonymy  that  indicates  other  names  or  name 
combinations  by  which  the  species  has  been 
cited  in  the  literature  and,  where  possible,  at 
least  one  previous  report  of  the  species  in  the 
Hawaiian  Islands.  The  scientific  nomenclature 
used  in  the  paper  is  in  most  cases  that  currently 
accepted  by  herpetologists.  In  the  few  cases 
where  we  do  not  follow  the  names  used  by  the 
latest  student  of  the  group,  we  include  brief 
comment  calling  attention  to  this  fact. 

We  are  indebted  to  many  persons  who  have 
rendered  assistance  to  us  in  connection  with 
this  study.  We  are  grateful  to  Dr.  Harvey  I. 
Fisher,  the  University  of  Illinois,  for  permis- 
sion to  study  his  valuable  collections,  and  for 
his  pertinent  observations  and  encouragement. 
We  also  owe  a great  debt  of  gratitude  to  Mr. 
Charles  M.  Bogert,  the  American  Museum  of 
of  Natural  History,  for  his  many  kindnesses  and 
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help  during  the  preparation  of  the  report,  part 
of  which  was  prepared  at  that  museum.  The 
drawings  illustrating  the  “key”  for  the  identifi- 
cation of  species  were  prepared  by  the  Illus- 
trators’ Corps  of  the  American  Museum  of 
Natural  History,  under  the  direction  of  Mr. 
Tom  Voter.  We  wish  to  thank  Mr.  Paul  Breese, 
Director  of  the  Honolulu  Zoological  Park,  and 
the  late  Edward  L.  Caum  of  the  Hawaiian  Sugar 
Planters’  Association  for  their  valuable  assist- 
ance and  encouragement.  We  desire  especially 
to  thank  those  who  have  lent  us  specimens  from 
the  collections  under  their  care  or  who  have 
provided  us  with  pertinent  information  about 
specimens.  Included  in  this  group  are:  Dr.  Doris 
Cochran,  U.  S.  National  Museum;  Dr.  Emmett 
Reid  Dunn,  Haverford  College;  Dr.  Norman 
E.  Hartweg  and  Dr.  Charles  F.  Walker,  Mu- 
seum of  Zoology,  University  of  Michigan;  Dr. 
Laurence  M.  Klauber,  Zoological  Society  of  San 
Diego;  Mr.  Arthur  Loveridge,  Museum  of  Com- 
paritive  Zoology,  Harvard  College;  Dr.  C.  E. 
Pemberton,  Hawaiian  Sugar  Planters’  Associa- 
tion; Dr.  Karl  P.  Schmidt  and  Mr.  Clifford 
Pope,  Chicago  Natural  History  Museum;  Mr. 
Joseph  R.  Slevin,  California  Academy  of  Sci- 
ences; and  Dr.  Elwood  Zimmerman  of  the  Ber- 
nice P.  Bishop  Museum,  Honolulu.  Mr.  James 
W.  Atz  of  the  New  York  Zoological  Society 
and  Mr.  C.  B.  Perkins  of  the  Zoological  Society 
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Present  Fauna 

The  amphibians  and  reptiles  established  in 
the  Hawaiian  Islands  today  represent  a mere 
sprinkling  of  species  in  comparison  with  the 
herpetofauna  of  the  mainland  of  the  United 
States  or  Asia.  The  23  recorded  forms  include 
eight  species  of  frogs  and  toads,  four  species  of 
turtles,  two  species  of  snakes  and  nine  species 
of  lizards.  Three  of  the  turtles  and  one  of  the 
snakes  are  marine  species  that  occur  over  wide 
areas  of  the  Pacific  Ocean.  Two  other  marine 
turtles,  the  Pacific  Loggerhead  and  the  Pacific 
Ridley  Turtles,  may  appear  occasionally  in  the 
islands  as  wanderers,  but  have  not  been  defin- 
itely reported. 

The  eight  species  of  frogs  and  toads  repre- 
sent three  families,  two  of  which  are  at  present 
worldwide  in  distribution,  the  Bufonidae  and  the 
Ranidae.  The  third  family,  the  Dendrobatidae, 
is  represented  in  the  Hawaiian  Islands  by  the 
Gold  and  Black  Poison  Frog.  This  family  is 
found  only  in  the  wet  American  tropical  forests. 

The  marine  turtles  are  representative  of  two 
families  that  occur  in  the  warm  seas  of  the 
world.  These  are  the  Cheloniidae,  with  two  rep- 


resentative species,  and  the  Dermochelidae,  in- 
cluding only  the  Pacific  Leatherback  Turtle.  The 
single  freshwater  turtle  belongs  to  a family  that 
has  representatives  in  Africa,  North  America 
and  southern  Asia,  the  Trionychidae.  The  one 
marine  snake  is  representative  of  a highly  spe- 
cialized family  of  venomous  snakes,  the  Hydro- 
phiidae,  found  in  the  warm  waters  of  the  Pacific 
and  Indian  Oceans.  The  single  land  snake  be- 
longs to  an  interesting  family  of  burrowing 
snakes  found  in  the  tropical  and  subtropical 
parts  of  the  world,  the  Typhlopidae. 

The  nine  lizards  belong  to  three  families.  The 
first  of  these  is  the  family  Gekkonidae,  with 
representatives  in  the  warmer  parts  of  all  the 
continents  except  Antarctica.  Four  species  of 
Hawaiian  lizards  belong  to  this  family.  A single 
lizard  species,  the  Cuban  Anole,  represents  the 
family  Iguanidae,  pre-eminently  a western  hem- 
isphere aggregation.  Four  species  are  members 
of  the  family  Scincidae,  which,  like  the  Gek- 
konidae, has  representatives  on  all  the  conti- 
nents except  Antarctica. 

The  land-dwelling  reptiles  include  only  small 
species  and,  except  for  one  iguanid,  are  forms 
that  also  occur  on  other  islands  of  the  Pacific. 
The  freshwater  turtle  attains  a respectable  size, 
with  a shell  length  of  more  than  13  inches  (330 
mm)  and  weight  of  more  than  18  pounds 
(Brock,  1947).  It  is  used  as  food  by  some  of  the 
island  inhabitants.  All  of  the  marine  turtles  are 
large  in  size  and  have  been  utilized  in  the  econ- 
omy of  the  islands.  In  the  amphibians,  two  of  the 
toads,  the  Asiatic  and  the  Giant  Neotropical 
Toad,  are  among  the  largest  species  of  toad  in 
the  world,  with  a recorded  maximum  head-body 
length  of  nine  inches  (225  mm).  The  American 
Bullfrog,  also,  is  known  to  reach  this  head-body 
length.  The  remaining  species  of  frogs  are  of 
smaller  size;  nevertheless  all  seem  to  have  been 
brought  to  the  islands  for  economic  reasons. 
Several  species  have  played  an  important  role 
in  the  economy  of  the  islands,  chiefly  as  food 
or  in  pest  control. 

Despite  the  fact  that  six  lizards  and  one  frog 
have  at  one  time  or  another  been  described  as 
new  forms  from  the  Hawaiian  Islands,  there 
are  no  endemic  amphibians  or  reptiles  on  these 
islands.  All  of  the  species  also  inhabit  other 
islands  or  regions.  The  new  names  that  were 
proposed  for  material  from  the  Hawaiian 
Islands  are  listed  below.  None  of  these  is  in  cur- 
rent use,  so  the  present  name  for  each  is  indi- 
cated. 

Amphibia 

Bufo  dialophus  Cope,  1862;  type  locality:  “Sand- 
wich Islands,”  in  error.  =Bufo  quercicus  Hol- 
brook. This  species  is  native  to  the  south- 
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eastern  United  States  and  is  not  known  from 
the  Hawaiian  Islands. 

Reptilia 

Dactyloperus  insulensis  Girard,  1857;  type  lo- 
cality: “Sandwich  Islands.”  —Gehyra  mutilata 
(Wiegmann). 

Doryura  vulpecula  Girard,  1857;  type  locality: 
“Sandwich  Islands.”  = Hemidactylus  garnoti 
Dumeril  & Bibron. 

Hemiphyllodactylus  leucostictus  Stejneger,  1899; 
type  locality:  Kauai,  Hawaiian  Islands. 

—Hemiphyllodactylus  t.  typus  Bleeker. 

Leiolopisma  hawaiiensis  Loveridge,  1939;  type 
locality:  Oahu,  Hawaiian  Islands.  —Lygosoma 
{Leiolopisma)  metallicum  (O’Shaughnessy). 

Lygosoma  cyanurum  var.  schauinslandi  Werner, 
1901;  type  locality:  Molokai,  Hawaiian  Islands. 
=Emoia  cyanura  (Lesson). 

Lygosoma  vertebrate  Hallowell,  1860;  type  lo- 
cality: “Sandwich  Islands.”  =Lygosoma  ( Leio- 
lopisma) n.  noctua  (Lesson). 

Origin  of  the  Fauna 

Much  has  been  written  relating  to  the  geo- 
logical history  of  the  Hawaiian  Islands  and  the 
origin  of  the  land  animals  and  plants  now  oc- 
curring there.  An  excellent  summary  of  these 
studies,  the  data  on  which  they  are  based  and 
their  conclusions,  is  presented  in  the  introduc- 
tory volume  of  “Insects  of  Hawaii”  by  Zimmer- 
man (1948).  We  shall  mention  briefly  the  more 
pertinent  points  involved  in  outlining  the  origin 
of  the  amphibians  and  reptiles  that  now  occur 
there.  The  evidence  for  these  conclusions  will 
be  found  in  Zimmerman’s  paper  and  reference 
should  be  made  to  that  work  for  a detailed  ac- 
count of  the  zoogeography  of  the  archipelago. 

The  Hawaiian  Islands  are  true  oceanic  islands 
that  have  never  had  any  land  connection  with  a 
continent  since  the  rise  of  modern  plants  and 
animals.  Thus  all  of  the  living  land  forms  now 
occurring  on  the  islands  have  reached  there 
by  travelling  across  the  ocean  from  other  land 
areas  or  are  descendants  of  ancestral  stock  that 
succeeded  in  making  such  a journey. 

Geographically  the  Hawaiian  Islands  are  lo- 
cated closer  to  the  continent  of  North  America 
than  to  any  other  continental  land  mass.  The 
coast  of  California  is  approximately  2,000  nauti- 
cal miles  east  of  the  nearest  of  the  islands.  Un- 
alaska  to  the  north  is  slightly  closer  than  Cali- 
fornia. The  mainlands  of  Asia  and  Australia  are 
twice  as  far  away  as  the  coast  of  North  America. 
The  mainland  of  North  America  and  the  Ha- 
waiian Islands  are  separated  by  an  uninterrupted 
expanse  of  sea.  To  the  south  and  southwest  of 
the  Hawaiian  archipelago  are  numerous  clusters 
of  islands  that  could  serve  as  “stepping  stones” 
from  the  Indo-Australian  land  areas.  The  closest 


of  these  islands  to  the  Hawaiian  group  is  the 
coral  atoll,  Johnston  Island,  450  miles  away. 

Zimmerman  divides  the  insect  fauna  of  the 
islands  into  native  and  foreign  elements.  The 
native  element  is  composed  of  endemic  and  in- 
digenous forms.  The  endemics  are  those  that 
are  found  only  in  the  Hawaiian  Islands.  The 
indigenous  forms  are  those  that  occur  naturally 
in  Hawaii  and  other  places,  but  are  forms  that 
have  reached  the  islands  without  the  interven- 
tion of  man.  The  foreign  element  also  can  be 
subdivided  into  two  categories,  the  immigrant 
and  the  purposely  introduced  forms.  Here  the 
term  “immigrant”  is  used  for  a form  that  is  un- 
intentionally brought  to  the  islands  by  man.  The 
“purposely  introduced”  category  is  obviously 
restricted  to  the  group  of  organisms  that  man 
has  brought  to  the  islands  intentionally. 

Other  categorizations  of  the  fauna  can  be 
and  have  been  recognized.  These  involve  either 
differences  in  terminology  or  refinements  that 
are  unnecessary  in  the  present  discussion.  We 
will,  therefore,  utilize  Zimmerman’s  designa- 
tions as  defined  above. 

The  endemic  and  indigenous  forms  that  com- 
prise the  native  land  fauna  are  animals  that  are 
capable  of  dispersal  across  a broad  saltwater 
barrier,  or  whose  ancestors  were  capable  of  such 
dispersal.  This  dispersal  may  have  been  accom- 
plished through  the  active  movements  of  the 
animals  themselves  or  may  be  the  result  of 
passive  travel  with  the  impetus  provided  by  an 
agent  other  than  the  animals. 

The  difficulties  facing  land  animals  in  travel 
across  broad  stretches  of  saltwater  are  great 
and  few  forms  are  capable  of  surviving  such  a 
trip.  Thus  the  native  (endemic  plus  indigenous) 
land  fauna  of  the  Hawaiian  Islands  is  largely 
limited  to  a few  groups  of  birds,  insects  and  mol- 
luscs. Many  of  the  large  units  of  land  animals 
have  no  native  representatives  in  the  islands. 
In  each  of  these  groups  present  there  is  a very 
high  degree  of  endemism,  reaching  the  amazing 
figure  of  approximately  99%  of  the  native  in- 
sects (Zimmerman,  loc.  cit.,  p.  66). 

These  native  land  animals  are  descendants  of 
ancestral  forms  that  presumably  came  to  the 
islands  by  means  of  their  own  powers  of  flight, 
were  blown  there  by  strong  winds,  were  carried 
by  debris  floating  on  the  sea,  or  were  carried 
by  other  organisms.  Such  methods  of  dispersal 
are  known  to  be  effective  for  some  animals.  Ap- 
parently all  of  these  methods  have  contributed 
to  the  formation  of  the  present  native  land 
fauna.  The  abilities  of  the  different  animals  to 
utilize  the  various  methods  of  dispersal  are  in- 
dicated in  part  by  the  degree  of  success  attained 
in  colonizing  the  islands.  The  same  dispersal 
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abilities  have  also  determined  the  places  from 
which  the  native  land  fauna  is  derived. 

Present-day  geographical  and  oceanographi- 
cal conditions  favor  the  dispersal  of  land  dwell- 
ing animals  from  the  west,  southwest  and  south 
of  the  Hawaiian  Islands  rather  than  from  the 
east  or  north.  It  is  in  the  former  directions  that 
the  shortest  distances  between  adjacent  land 
areas  are  to  be  found.  The  present  prevailing 
ocean  and  wind  currents  are  from  the  east  of 
the  islands,  where  a broad  expanse  of  ocean 
lies.  However,  these  currents  are  interrupted  by 
cyclonic  disturbances  that  set  up  counter  cur- 
rents from  the  west  and  southwest.  These  strong 
irregular  currents,  capable  of  carrying  objects 
rapidly  across  shorter  distances,  may  well  be 
more  effective  agents  of  dispersal  than  the 
slower  prevailing  currents. 

It  is  interesting  to  note  the  origin  and 
relationships  of  the  native  Hawaiian  plants 
and  animals  that  have  been  studied  in  detail. 
According  to  Zimmerman  (op.  cit.),  the 
Hawaiian  flora  consists  of  92%  Indo-Pacific 
derivatives,  the  native  insects  consist  of 
90%  Pacific  derivatives,  and  the  native 
land  snails  consist  of  70%  Pacific  affinities. 
Each  of  these  groups  exhibits  a small  number 
of  forms  that  are  American  or  Holarctic  de- 
rivatives. In  contrast  to  these  groups,  Mayr 
(1943)  found  that  the  native  Hawaiian  land 
birds  showed  a strong  preponderance  of  North 
American  elements.  He  calculated  that  the  pres- 
ent land  bird  fauna  is  traceable  to  14  separate 
colonizations.  Omitting  one  element  of  doubtful 
origin,  Mayr  concluded  that  “eleven  of  the 
thirteen  colonizations  of  Hawaiian  birds  prob- 
ably come  from  North  America  and  only  two 
from  Polynesia.”  Thus  the  birds  are  an  excep- 
tion among  the  native  land  plants  and  animals 
of  the  Hawaiian  Islands.  Of  all  the  native  land 
animals  of  the  Hawaiian  Islands,  the  birds  would 
appear  to  be  best  equipped  to  traverse  the 
broad  expanse  of  saltwater  separating  North 
America  from  the  Islands.  For  all  other  land 
animals,  this  extensive  stretch  of  saltwater  has 
been  a formidable  barrier  to  dispersal  and  is 
largely  the  reason  for  the  small  American 
affinities  present. 

With  this  brief  resume  of  the  zoogeography 
of  the  Hawaiian  Islands  we  can  inquire  into  the 
origin  of  the  amphibians  and  reptiles  now  dwell- 
ing there.  As  already  stated,  there  are  no  en- 
demic species  of  these  animals  in  the  islands. 
The  only  species  that  are  definitely  indigenous 
are  the  marine  reptiles,  consisting  of  three 
turtles  and  one  snake.  Thus  none  of  the  land 
dwelling  amphibians  and  reptiles  are  here  con- 
sidered to  be  native  species. 


Amphibians,  because  of  their  naked  skins 
and  sensitivity  to  desiccation,  are  character- 
istically absent  from  oceanic  islands.  On  the 
Pacific  islands  northeast  and  east  of  the  conti- 
nental island  chains  of  the  southwestern  Pacific, 
(the  New  Guinea  - Bismarcks  - Solomons  - New 
Caledonia-New  Zealand  axis,  extending  east- 
ward to  and  including  the  Fiji  Islands  in  the 
south),  the  only  amphibian  to  be  found  is  the 
Giant  Neotropical  Toad  (Bufo  marinus).  This 
toad  has  been  widely  distributed  by  man 
throughout  the  Pacific  to  aid  in  control  of  insect 
pests  on  agricultural  crops.  There  are  no  native 
frogs  on  these  oceanic  islands  simply  because 
frogs  as  a group  are  not  adapted  to  dispersal 
across  a wide  stretch  of  saltwater. 

Of  the  eight  species  of  frogs  and  toads  now 
occurring  in  the  Hawaiian  Islands,  three  are 
inhabitants  of  North  America,  two  are  from 
tropical  America  and  three  are  from  Asia,  in- 
cluding Japan.  All  belong  in  the  category  of 
purposely  introduced  foreign  species.  The  intro- 
duction of  the  five  American  species  is  clearly 
indicated  in  the  historical  record.  Dr.  C.  E. 
Pemberton  informs  us  that  there  is  a statement 
in  the  Proceedings  of  the  Royal  Agricultural 
Society  of  Hawaii  for  1855  to  the  effect  that 
no  frogs  or  toads  occurred  in  the  islands  and  that 
it  would  be  advisable  to  introduce  some.  Jordan 
& Evermann  (1905)  stated  that  frogs  were  im- 
ported prior  to  1867  and  that  some  were  brought 
from  California  in  that  year.  In  a later  letter, 
Dr.  Pemberton  advises  us  that  Albert  Koebele, 
an  entomologist  employed  by  the  Republic  of 
Hawaii,  made  an  extensive  tour  of  Australia, 
Ceylon,  China  and  Japan  for  the  purpose  of 
obtaining  beneficial  insects  to  introduce  into 
the  islands.  The  last  portion  of  his  trip  consisted 
of  a visit  to  Japan  in  1895,  returning  to  Hawaii 
in  late  1895  or  early  1896.  He  published  a report 
on  this  tour,  dated  December  31,  1897,  in  which 
he  states,  “In  addition  to  the  numerous  pre- 
daceous and  parasitic  insects,  it  was  also  found 
advisable  to  introduce  Bats,  Toads  and  Frogs  . . . 
Several  trials  with  Japanese  Bats  resulted  in 
failure.  On  the  other  hand,  Toads  from  Cali- 
fornia and  Japan  are  breeding  and  the  four 
species  of  Japanese  Frogs  no  doubt  as  well.” 

Koebele  does  not  mention  the  species  of  frogs 
and  toads  that  he  brought  from  Japan,  but  it 
seems  likely  that  Bufo  bufo  gargarizatis,  Rana 
n.  nigromaculata  and  R.  rugosa  were  among 
them.  They  are  well-known,  common  species  in 
Japan.  Today  they  are  the  only  Asiatic  am- 
phibians living  in  the  Hawaiian  Islands. 

Of  the  ten  species  of  non-marine  reptiles  four 
appear  to  have  been  introduced  within  the  last 
half  century  and  are  known  at  present  only 
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from  a single  island  within  the  Hawaiian  archi- 
pelago. These  are:  the  Cuban  Anole,  first  found 
on  Oahu  in  1950;  the  Chinese  Soft-shelled 
Turtle,  reported  for  the  first  time  in  1 947  from 
Kauai;  the  Brahminy  Blind  Snake,  first  noted 
on  Oahu  in  1930;  and  the  Metallic  Skink,  first 
collected  on  Oahu  in  1917.  The  Cuban  Anole  is 
a close  relative  of  the  so-called  "American 
Chameleon,”  Anolis  c.  carolinensis  Voigt,  of 
the  southeastern  United  States,  which  is  widely 
sold  in  pet  shops,  circuses  and  carnivals.  When 
the  supply  of  the  lizards  in  the  United  States  is 
low,  large  numbers  of  the  Cuban  relative  are 
imported  for  the  pet  trade.  There  would  seem 
to  be  little  doubt  that  the  small  colony  of  the 
lizards  now  established  in  Honolulu  is  the  result 
of  escaped  or  released  pet  lizards.  Thus  this 
species  is  probably  the  only  established  land 
reptile  that  can  be  classed  as  purposely  intro- 
duced—although  this  designation  does  not  ap- 
pear to  be  entirely  correct,  since  the  lizards 
were  not  introduced  with  the  specific  intention 
of  establishing  the  species  in  the  islands. 

Brock  (1947)  has  reported  that  the  Chinese 
Soft-shelled  Turtle  was  frequently  imported  into 
the  Hawaiian  Islands  by  orientals  prior  to  World 
War  II.  Since  the  turtles  are  widely  propagated 
for  food  in  “turtle  ponds”  by  both  Chinese  and 
Japanese  in  their  homelands,  it  was  natural  to 
transport  both  the  animals  and  the  propagation 
custom  to  the  islands.  Thus  this  freshwater 
turtle  is  another  purposely  introduced  reptile. 
To  date  this  turtle  is  known  to  be  established 
only  on  the  eastern  side  of  Kauai. 

Neither  the  Brahminy  Blind  Snake  nor  the 
Metallic  Skink  has  any  recognized  role  in  man’s 
varied  economic  machinations,  and  it  seems 
doubtful  that  either  was  brought  to  the  islands 
intentionally.  A small  colony  of  the  Blind  Snake 
was  discovered  in  the  vicinity  of  the  Kam- 
ehameha  Boys  School  in  Honolulu  and  until  a 
few  years  ago  it  was  known  on  Oahu  only  from 
this  one  locality.  Investigations  by  several  in- 
terested naturalists  have  indicated  that  the 
Blind  Snakes  were  most  probably  brought  to 
the  islands  in  dirt  around  ornamental  plants 
that  were  imported  from  the  Philippine  Islands 
for  landscaping  the  campus  of  the  school 
(Tinker,  1941). 

The  history  of  the  Metallic  Skink  in  the  is- 
lands is  not  so  easily  discerned.  It  seems  virtually 
certain  that  this  lizard  was  not  present  prior  to 
1900.  Today  in  collections  from  Oahu  it  is  apt 
to  be  the  most  abundantly  represented  form. 
Outside  of  Oahu  it  is  known  to  occur  in  Aus- 
tralia, Tasmania,  the  Loyalty  Islands  and  the 
New  Hebrides  Islands.  There  would  seem  little 
likelihood  that  the  lizard  traveled  unaided  by 
man  from  its  homeland  to  Oahu.  It  has  been 
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reported  on  none  of  the  intervening  oceanic 
islands  and  thus  such  a trip  would  have  involved 
a journey  of  more  than  3,000  nautical  miles,  a 
highly  improbable  feat.  More  likely  the  lizards 
reached  the  Hawaiian  Islands  in  plant  or  wood 
imports  from  Australia. 

The  remaining  seven  species  of  lizards,  four 
geckos  and  the  three  skinks,  were  all  present  in 
the  Hawaiian  Islands  before  the  beginning  of 
the  present  century  and  all  are  known  to  occur 
on  more  than  one  main  island  of  the  group. 
All  of  these  species,  except  the  Tree  Gecko,  oc- 
cur over  a wide  area  of  the  western  and  south- 
western Pacific,  occupying  many  oceanic  as  well 
as  continental  islands.  Because  of  this  distribu- 
tion these  species  may  be  referred  to  as  the  Poly- 
nesian forms.  The  Tree  Gecko  has  not  been  re- 
ported from  as  wide  an  area  in  the  oceanic 
islands  as  the  other  species.  Whether  this  indi- 
cates a more  restricted  distribution  or  a more 
elusive  behavior  is  not  known  at  present.  All  of 
the  species  occur  in  the  East  Indies  and  most 
of  them  occur  on  continental  Asia.  Systematic 
studies  so  far  have  disclosed  no  consistent  dif- 
ferences that  warrant  nomenclatorial  separation 
of  the  respective  populations  in  the  East  Indies 
Islands  and  those  in  the  oceanic  islands  thou- 
sands of  miles  to  the  east.  Thus  the  East  Indian 
lizards  are  specifically  and  subspecifically  ident- 
ical with  their  oceanic  representatives.  This  sug- 
gests that  the  various  island  populations  have 
not  been  isolated  for  a very  long  period  of  time 
in  world  history.  If  this  isolation  had  been  in 
existence  for  a relatively  long  period,  it  seems 
most  certain  that  some  of  the  species  would 
have  developed  genetic  differences  setting  them 
apart  from  their  geographically  distant  relatives. 
With  their  wide  dispersal  through  the  Pacific 
oceanic  islands,  there  are  hundreds  of  small 
isolated  populations  of  these  lizard  species,  yet 
none  of  these  has  produced  a distinctly  different 
stock.  This  is  in  marked  contrast  to  some  con- 
geners that  are  isolated  on  continental  islands 
of  the  New  Guinea-Bismarcks-Solomons-New 
Caledonia-New  Zealand  axis.  Here  a number  of 
distinct  populations  have  arisen  ( vide  Burt  & 
Burt,  1932,  pp.  476-82). 

Because  of  the  wide  dispersal  through  the 
oceanic  islands  of  the  Pacific  and  the  absence 
of  appreciable  differentiation,  most  workers 
have  concluded  that  these  seven  species  of  lizards 
were  unintentionally  transported  by  Polynesian 
man  (Stejneger,  1899;  Schmidt,  1930;  Mertens, 
1934).  The  prevailing  ocean  and  wind  currents 
are  from  the  east  and  thus  would  not  be  con- 
ducive to  drift  dispersal.  However,  as  mentioned 
earlier,  strong  counter  currents  are  set  up  at 
times  by  cyclonic  disturbances  and  these  cur- 
rents might  be  an  important  factor  in  propelling 
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drift  objects  from  the  west.  It  is  entirely  possible 
that  some  of  the  lizards  may  have  travelled  to 
the  Hawaiian  Islands  by  this  drift  method.  The 
primary  arguments  against  this  view  are:  (1) 
that  most  of  these  species  of  lizards  are  found 
uniformly  distributed  through  the  oceanic  area 
of  the  Pacific;  (2)  that  the  numerous  isolated 
populations  in  this  area  are  undifferentiated; 
and  (3)  that  the  same  species  are  found  on  most 
of  the  islands.  Haphazard  drift  dispersal  of  the 
lizards  would  probably  not  result  in  such  a wide 
oceanic  dispersal  of  the  same  species  and  would 
probably  have  produced  some  oceanic  en- 
demics. 

In  support  of  the  theory  of  transportation 
from  island  to  island  by  Polynesian  man  several 
facts  can  be  mentioned.  First,  it  is  known  that 
these  people  were  excellent  navigators  who  sailed 
throughout  the  oceanic  islands  of  the  western 
and  southwestern  Pacific.  Secondly,  the  lizards 
that  are  characteristic  inhabitants  of  the  oceanic 
islands  are  either  species  that  inhabit  the  ocean 
beaches  or  species  that  readily  inhabit  human 
dwelling  places.  Numerous  investigators  have 
reported  seeing  the  lizard  species  discussed  here 
in  native  canoes  on  the  beach  (Schnee,  1901; 
Snyder,  1917;  Schmidt,  1930),  laying  eggs  in 
native  canoes  on  the  beach  (Snyder,  1917,  p. 
20),  and  actually  being  transported  from  island 
to  island  in  native  canoes  (Woodford,  1895,  p. 
349).  Writing  in  1917  on  the  Hawaiian  Lizards, 
Snyder  (op.  cit.)  stated,  “It  would  be  quite  im- 
possible at  the  present  time  to  provision  and 
launch  a large  canoe  without  including  both 
adult  geckos  and  their  eggs”.  Finally,  trans- 
portation to  the  Hawaiian  Islands  by  early  Poly- 
nesian man,  the  first  humans  to  visit  the  islands, 
would  have  brought  this  group  of  oceanic  lizards 
there  at  a time  in  harmony  with  our  present 
observations.  Thus  the  species  would  be  estab- 
lished prior  to  the  arrival  of  Captain  Cook  in 
1778  and  yet  this  time  would  not  have  been  of 
such  duration  as  to  have  made  probable  the 
production  of  endemic  descendants.  The  earliest 
visits  of  Polynesians  have  been  estimated  by 
anthropologists  to  have  occurred  in  the  twelfth 
century  A.D.  Using  the  radiocarbon  technique, 
Libby  (1951)  would  place  the  arrival  date 
around  the  middle  of  the  tenth  century.  In  either 
case,  it  has  been  a relatively  short  period  of 
time  from  an  evolutionary  standpoint. 

If  these  lizards  reached  the  islands  with  Poly- 
nesian man,  it  can  be  assumed  that  this  was  not 
an  event  that  happened  only  a single  time. 
Rather,  as  the  habits  of  the  lizards  suggest,  it 
probably  took  place  a number  of  times.  This  is 
an  important  consideration  in  the  evolutionary 
history  of  these  lizards  in  the  islands,  since  it 


means  that  they  were  not  in  complete  genetic 
isolation  from  other  conspecific  populations. 

If,  as  seems  most  likely,  the  seven  species 
were  brought  to  the  islands  by  Polynesians,  they 
were  doubtless  not  imported  intentionally  and 
are  thus  to  be  classed  as  immigrants.  This  theory 
as  to  the  origin  of  the  four  geckos  and  three  of 
the  skinks  is  based  on  indirect  evidence,  but 
seems  to  be  the  most  probable  explanation  in 
view  of  our  present  knowledge. 

In  summary,  all  of  the  frogs  and  toads,  the 
one  freshwater  turtle  and  one  lizard  are  con- 
sidered as  purposely  introduced  foreign  species. 
The  single  land  snake  and  eight  of  the  lizards 
are  to  be  classed  as  foreign  immigrants.  Seven 
of  the  lizards  are  widespread  oceanic  island 
inhabitants  that  probably  were  brought  to  the 
Hawaiian  Islands  with  the  earliest  human 
visitors,  the  Polynesians.  There  are  no  endemic 
nor  indigenous  land  or  freshwater  amphibians 
or  reptiles  known  to  inhabit  the  Hawaiian 
Islands.  The  only  indigenous  reptiles  are  the 
three  marine  turtles  and  the  one  sea  snake. 

Modifications  of  the  Fauna 

As  indicated  in  the  preceding  section  of  this 
paper,  the  terrestrial  and  freshwater  amphibians 
and  reptiles  of  the  Hawaiian  Islands  have 
reached  there  in  relatively  recent  years.  Their 
occupancy  of  the  islands  has  not  been  of  suffici- 
ent duration  to  have  produced  endemic  species. 
However,  some  differences  have  been  noted  in 
a few  instances  between  the  Hawaiian  popula- 
tions and  the  same  species  elsewhere.  The  dif- 
ferences discernible  do  not  appear  to  us  to 
warrant  nomenclatorial  recognition.  These  dif- 
ferences may  result  from  genetic  changes  that 
are  talcing  place  in  the  populations,  or  merely 
from  the  chance  restriction  of  genotypes  among 
the  limited  number  of  original  immigrants  or 
introduced  individuals. 

In  1901  Werner  recognized  a new  variety, 
schauinslandi,  of  the  Azure-tailed  Skink  (Emoia 
cyanura)  from  Molokai.  The  differences  indi- 
cated were  in  color  pattern,  with  the  proposed 
variety  exhibiting  a melanistic  tendency.  Snyder 
(1917)  described  two  distinct  color  patterns  in 
this  lizard  from  Kauai  and  Maui,  with  one  pat- 
tern being  darker  than  the  other  and  exhibiting 
minor  differences  in  the  longitudinal  stripes.  He 
further  pointed  out  that  the  lighter  pattern  was 
found  in  lizards  from  the  relatively  dry  low- 
lands, whereas  the  darker  pattern  occurs  in  liz- 
ards inhabiting  the  moist,  wooded  uplands. 
Stejneger  (1899)  had  previously  called  attention 
to  the  existence  of  noticeable  ontogenetic  varia- 
tion in  color  pattern  in  this  species.  The  speci- 
mens examined  by  us  support  Stejneger’s  ob- 
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servation  on  the  presence  of  a considerable 
amount  of  ontogenetic  variation.  However,  as 
indicated  by  Snyder,  the  Azure-tailed  Skink  oc- 
curs in  both  the  dry  lowlands  and  in  the  moist, 
wooded  uplands,  and  if  the  variation  in  color 
pattern  is  correlated  with  these  different  hab- 
itats, it  may  well  indicate  that  two  ecological 
races  exist  or  are  in  process  of  arising.  If  the  two 
color  patterns  do  represent  distinct  forms,  this 
would  be  an  indication  of  differentiation  occur- 
ring after  colonization  in  the  islands.  Our  eco- 
logical data  are  inadequate  to  evaluate  this  con- 
dition properly.  Dr.  Walter  C.  Brown,  who  has 
been  studying  the  genus  Emoia,  will  soon  cover 
the  status  of  these  color  variants  in  detail  and 
in  relation  to  the  variation  throughout  the  genus. 

Comparison  of  Hawaiian  Wrinkled  Frogs 
(Rana  rugosa)  with  specimens  from  Japan  in 
the  collections  of  the  American  Museum  of 
Natural  History  indicates  a number  of  minor 
differences.  For  example,  the  Hawaiian  speci- 
mens are  more  heavily  pigmented  ventrally  than 
the  Japanese  frogs.  Thus  on  the  venter  they  ap- 
pear to  possess  light  marks  on  a dark  back- 
ground, whereas  the  Japanese  frogs  appear  to 
have  scattered  dark  markings  on  a light  back- 
ground. The  Hawaiian  frogs  have  more  extensive 
webs  and  less  prominent  outer  metatarsal  tuber- 
cles on  the  hind  feet  than  are  present  in  the 
Japanese  frogs.  These  differences  do  not  seem 
to  warrant  nomenclatorial  recognition  for  the 
Hawaiian  population,  but  suggest  the  possibility 
of  some  differentiation  since  the  introduction  of 
the  species  into  the  islands. 

Minor  differences  of  this  nature  are  indicated 
in  some  of  the  other  species.  Statistical  analysis 
of  the  variation  in  large  series  of  several  species 
might  reveal  more  significant  modifications  that 
have  taken  place.  The  evaluation  of  all  of  these 
modifications  should  merit  the  serious  attention 
of  local  students. 

Changes  in  the  Fauna 

The  animals  and  plants  of  the  Hawaiian 
Islands  have  undergone  marked  changes  since 
the  first  arrival  of  man.  Insofar  as  the  whole 
animal  life  of  the  islands  is  concerned,  the  pri- 
mary changes  have  been  those  of  the  wholesale 
introduction  of  exotic  species  and  widespread 
extermination  of  native  elements.  To  illustrate 
the  magnitude  of  the  known  introductions  in 
two  groups  of  animals,  Fisher  (1948)  records 
232  species  of  birds  for  the  islands,  of  which 
94  are  exotic,  and  Zimmerman  (op.  cit.)  cal- 
culates that  of  the  more  than  5,000  species  of 
insects  recorded,  more  than  1,300  species  are 
foreign. 

The  extermination  of  the  native  elements  was 
brought  about  mainly  by  the  foreign  animals 


that  man  has  brought  in,  diseases  brought  with 
them,  and  the  changes  in  the  habitats  that  have 
occurred,  rather  than  by  man’s  direct  predation 
of  the  fauna.  Foreign  birds  have  brought  about 
the  extermination  of  native  bird  elements  in  some 
instances,  but  probably  of  more  importance  in 
this  connection  have  been  the  Mongoose  (Her- 
pestes  a.  auropunctatus ) , the  cat  (Fells  catus) 
and  the  rat  (Rattus  spp.). 

The  land  and  freshwater  herpetofauna  is  com- 
posed entirely  of  foreign  elements  and  has  con- 
tinually increased  in  number  of  established 
species.  When  Stejneger  (1899)  published  his 
paper  on  the  land  reptiles  of  the  islands  he 
listed  only  the  seven  species  of  lizards  that  com- 
prise the  Polynesian  element  of  the  reptile  fauna. 
He  did  not  list  the  frogs  and  toads  that  had 
been  introduced  prior  to  that  date,  although 
two  or  possibly  three  species  apparently  were 
definitely  established  at  that  time.  The  number 
of  species  of  frogs  and  toads  now  established 
in  the  islands  has  increased  to  eight.  The  seven 
lizards  have  been  augmented  by  one  small 
snake,  one  freshwater  turtle  and  two  other 
species  of  lizards. 

The  forms  listed  above  are  the  species  that 
are  known  to  be  established  in  the  islands.  Sev- 
eral additional  frog  species  and  a number  of 
turtles  are  known  to  have  been  introduced  to 
the  islands,  but  have  not  succeeded  in  forming 
reproductive  populations. 

Among  the  species  of  amphibians  and  reptiles 
that  are  known  to  have  become  established, 
there  is  one  case  in  which  a form  may  have  dis- 
appeared subsequently  from  the  islands.  This 
appears  to  have  been  the  fate  of  the  Moth 
Skink,  Lygosoma  (Leiolopisma)  n.  noctua,  at 
least  on  Oahu.  It  may  still  occur  on  some  of  the 
smaller  islets  of  the  archipelago  or  may  be  pres- 
ent in  remote  sections  of  the  larger  islands,  but 
no  Moth  Skink  has  been  collected  in  the  past 
twenty-five  years.  Prior  to  1900  it  was  the  only 
member  of  the  genus  Lygosoma  known  to  occur 
in  the  islands  and  was  reported  from  Hawaii, 
Kauai,  Maui  and  Oahu.  It  was  sufficiently  com- 
mon on  the  last-named  island  to  be  represented 
in  virtually  all  collections  made  there  in  earlier 
years. 

About  the  time  that  the  Moth  Skink  began  to 
disappear  from  the  islands,  another  species  in 
the  genus  Lygosoma  appeared  in  collections 
from  Oahu.  The  Metallic  Skink,  Lygosoma 
( Leiolopisma ) metallicum,  was  first  collected 
in  the  Hawaiian  Islands  in  1917.  In  the  last  ten 
years  it  has  been  one  of  the  most  commonly 
collected  lizards  on  Oahu,  where  it  is  locally 
very  abundant.  The  question  naturally  arises  as 
to  whether  there  is  any  connection  between  the 
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apppearance  of  the  Metallic  Skink  and  the  dis- 
appearance of  the  Moth  Skink. 

This  is  one  of  the  most  interesting  and  per- 
plexing problems  involving  the  herpetofauna  of 
the  islands.  It  is  one  that  can  only  be  answered 
by  careful  ecological  and  life  history  studies. 
Both  species  are  primarily  inhabitants  of  the 
lowlands.  The  Moth  Skink  is  reported  to  occur 
most  frequently  along  the  beaches,  whereas  the 
Metallic  Skink  occurs  from  the  coast  into  the 
interior  valleys  to  an  elevation  of  at  least  1,500 
feet.  Both  species  are  found  frequently  in  the 
herbaceous  ground  plants  and  leaf  litter.  They 
are  insectivorous  and  probably  feed  on  any 
small  insects  that  are  available.  The  Moth  Skink 
gives  birth  to  its  young,  producing  one  or  two 
at  a time.  The  Metallic  Skink  lays  eggs,  number- 
ing from  one  to  four  per  clutch.  The  species  are 
approximately  of  the  same  length,  but  the  Met- 
allic Skink  appears  to  be  slightly  heavier. 

From  this  limited  knowledge  of  the  life  his- 
tory and  ecological  requirements  of  the  two 
species,  can  we  obtain  any  clues  relating  to  the 
disappearance  of  the  Moth  Skink?  Aside  from 
the  remote  possibility  that  the  Moth  Skink  dis- 
appeared on  Oahu  because  of  an  inherent  loss 
of  its  reproductive  capacity,  there  are  several 
plausible  explanations  to  account  for  its  present 
absence. 

The  first  explanation  that  comes  to  mind  is 
that  the  Moth  Skink  was  restricted  to  the  im- 
mediate vicinity  of  the  beaches.  In  the  early 
stages  of  its  colonization  of  the  islands  there 
was  an  abundant  area  of  this  habitat  available. 
As  the  human  population  of  the  islands  in- 
creased, more  and  more  buildings  were  erected 
in  the  beach  area,  reducing  the  available  habitat. 
This  theory  is  based  on  the  assumptions  that  this 
skink  is  rigidly  limited  to  one  particular  habitat, 
that  the  habitat  has  been  completely  changed, 
and  that  the  lizard  is  unable  to  live  in  association 
with  man.  These  suppositions  are  not  borne  out 
by  observations  on  the  Moth  Skink  in  other 
parts  of  its  range.  Also,  there  are  still  fairly 
sizable  areas  of  this  habitat  on  Oahu  that  are 
unoccupied  by  human  beings,  but  in  which  there 
appear  to  be  no  Moth  Skinks. 

A second  possibility  is  that  the  Moth  Skink 
has  disappeared  as  a result  of  predation.  The 
introduced  Mongoose,  the  cat  and  the  rat  are 
all  known  to  prey  upon  lizards,  at  least  occasion- 
ally. The  larger  frogs  and  toads  might  also  be 
considered  here,  since  they  are  known  to  eat 
small  lizards.  However,  the  infrequent  presence 
of  reptiles  in  the  stomach  contents  of  the  frogs 
suggests  that  they  are  not  serious  predators  of 
the  lizards.  The  Mongoose  is  probably  the  most 
important  of  all  these  in  relation  to  lizard  pre- 
dation. This  mammal  was  brought  to  the  Ha- 


waiian Islands  from  Jamaica  in  1883  and  re- 
putedly reached  its  peak  of  abundance  around 
1918.  Predation  pressure  by  the  Mongoose  on 
the  Moth  Skink  may  have  been  sufficient  to 
depress  the  population  to  the  point  where  it 
could  no  longer  maintain  adequate  reproduc- 
tion. If  predation  by  the  Mongoose  is  the  sole 
or  primary  cause  of  extermination  of  the  Moth 
Skink  on  Oahu,  then  this  lizard  should  still 
exist  on  Kauai,  on  which  island  the  Mongoose 
does  not  occur. 

Perkins  (1903)  indicates  that  the  rat  has  had 
a harmful  effect  on  this  lizard.  Few  data  are 
available  to  evaluate  the  extent  to  which  the 
rat  preys  upon  lizards,  but  as  a predator  on 
these  animals  it  appears  to  be  of  lesser  import- 
ance than  the  Mongoose.  Cats  and  some  birds, 
also  include  an  occasional  lizard  in  their  diet, 
but  predation  by  these  forms  is  probably  too 
infrequent  to  be  of  importance. 

The  first  of  these  two  theories  assumes  that 
there  is  no  relationship  between  the  appearance 
of  the  Metallic  Skink  and  the  disappearance  of 
the  Moth  Skink  on  Oahu.  In  either  of  these  cases 
the  Moth  Skink  presumably  would  have  dis- 
appeared before  the  arrival  of  the  Metallic 
Skink;  the  cause  of  the  former’s  disappearance 
no  longer  exists  or  is  ineffectual  on  the  latter 
species.  The  third  theory  (below)  assumes  that 
the  two  species  occurred  in  the  islands  at  the 
same  time  for  at  least  a brief  period. 

This  last  theory  is  that  the  Moth  Skink  dis- 
appeared as  a result  of  competition  between  it 
and  the  Metallic  Skink.  Competition  includes 
the  complex  of  all  direct  and  indirect  disadvan- 
tageous relationships  between  two  species.  Its 
precise  influence  on  a species’  welfare  is  difficult 
to  determine  except  in  extreme  cases.  Crombie 
(1947)  says  that  “related  species  which  occur 
in  the  same  area  will  tend  to  compete  if  the  ratio 
of  population  to  resources  is  high  enough.  It 
would  then  be  expected  that  either  one  will 
completely  eliminate  the  other  from  that  area 
or  that  they  will  survive  together  by  evolving 
some  form  of  ecological  isolation.” 

In  the  restricted  habitats  of  oceanic  islands 
competition  may  develop  to  a high  degree.  This 
has  been  an  important  factor  in  the  evolution 
of  many  insular  endemic  forms.  Cases  of  ex- 
tinction as  a result  of  competition  are  more 
difficult  to  recognize  with  certainty.  Vesey- 
Fitzgerald  (1948)  suggests  that  some  of  the 
changes  in  the  amphibian  and  reptilian  fauna 
of  the  Seychelles  are  the  result  of  interspecific 
competition.  However,  he  does  not  elaborate  on 
the  details  of  this  competition. 

The  fact  that  these  two  closely  related  mem- 
bers of  the  same  genus  are  generally  ground 
inhabitants  of  the  lowlands,  are  both  insectivor- 
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ous  and  are  both  of  about  the  same  size  suggests 
that  some  degree  of  competition  might  exist  be- 
tween them  in  the  islands.  Competition  between 
the  two  species  as  a result  of  similar  ecological 
requirements  would  serve  to  emphaisize  their 
differences  in  methods  of  reproduction.  Live- 
bearing  is  generally  considered  a more  effective 
method  of  reproduction  than  egg-laying  because 
of  the  parental  carrying  of  the  embryos.  The 
hazards  to  which  the  developing  eggs  are  ex- 
posed are  thus  those  affecting  the  gravid  female. 
In  oviparous  species  the  eggs  after  deposition 
by  the  female  are  subject  to  destruction  as  a 
result  of  predation,  desiccation,  the  effects  of 
mold,  or  mechanical  disturbance.  These  hazards 
are  usually  of  sufficient  magnitude  to  greatly 
reduce  the  number  of  eggs  that  complete  devel- 
opment. However,  we  have  no  quantitative  data 
available  to  indicate  the  relative  success  of  these 
two  methods  of  reproduction  in  a given  habitat. 

It  seems  certain  that  the  relative  success  of 
egg-laying  and  live-bearing  would  vary  under 
different  circumstances.  It  is  conceivable  that 
under  some  circumstances  oviparous  reproduc- 
tion would  be  more  successful  than  viviparous 
reproduction  (the  term  viviparous  is  used  in  a 
broad  sense  to  include  both  viviparous  and  ovo- 
viviparous  methods).  A majority  of  the  Moth 
Skink  females  from  the  Hawaiian  Islands  have 
two  young  per  female.  Most  of  the  preserved 
Metallic  Skink  females  that  contained  undis- 
turbed clutches  had  four  eggs  per  female.  If 
conditions  in  its  habitat  on  Oahu  permit  most  or 
all  of  the  Metallic  Skink  eggs  to  hatch,  then  this 
species  would  have  a reproductive  advantage 
over  the  Moth  Skink.  To  judge  from  the  number 
of  specimens  of  each  in  collections,  the  Metallic 
Skink  is  far  more  numerous  and  would  appear 
to  have  been  more  successful  than  the  Moth 
Skink. 

It  is,  of  course,  possible  that  all  three  of  these 
factors  contributed  to  the  ultimate  fate  of  the 
Moth  Skink  on  Oahu.  Careful  field  studies  by 
local  naturalists  should  yield  valuable  informa- 
tion relating  to  this  problem.  Dr.  Harvey  I. 
Fisher,  while  a member  of  the  faculty  of  the 
University  of  Hawaii,  started  a field  investiga- 
tion designed  to  obtain  data  on  the  breeding 
behavior,  abundance  and  food  habits  of  the 
skinks.  Unfortunately  this  project  was  termin- 
ated by  Dr.  Fisher’s  move  to  the  University  of 
Illinois.  It  is  hoped  that  future  studies  relating 
to  this  matter  will  be  carried  out  in  the  islands. 

Key  for  the  Identification  of  the  Fauna 

1.  Scales  absent;  skin  smooth  or  warty;  tail 
absent  in  adults;  hind  limbs  elongate,  much 
larger  than  fore  limbs  (Frogs  and  toads)  ..2 


Scales  present  or  body  enclosed  in  a bony 
or  leathery  shell;  tail  present  both  in 
young  and  adults;  hind  limbs,  if  present, 
not  or  but  slightly  longer  than  fore  limbs 

(Reptiles)  9 

2.  Tips  of  fingers  and  toes  expanded  trans- 
versely and  bearing  a pair  of  flaplike  struc- 
tures on  upper  surface  (Text-fig.  1 ) ; dorsal 
coloration  consisting  of  large,  roundish, 
light  (greenish-gold  in  life;  white  or  light 
gray  in  preserved  specimens)  markings  on 
a black  background 

Dendrobates  auratus 
Tips  of  fingers  and  toes  not  expanded 
transversely  and  without  flaplike  struc- 
tures; coloration  not  a sharply  contrasting 
pattern  of  large,  roundish,  light  markings 
on  a black  background 3 


3.  A large  paratoid  gland  on  each  side  behind 

the  eye  (Text-fig.  2);  interdigital  web  of 
hind  feet  poorly  developed  (Text-fig.  3). .4 
No  paratoid  gland,  interdigital  web  of  hind 
feet  well-developed  (Text-fig.  4) 6 

4.  Prominent  cranial  crests  present  on  dorsal 
surface  of  head  (Text-fig.  2);  paratoid 
glands  not  extending  anteriorly  above  the 
ear  opening  but  separated  from  the  pos- 
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tenor  edge  of  the  orbit  by  a distance  equal 
to  or  greater  than  diameter  of  ear  opening 

(Text-fig.  2) Bufo  marinus 

Cranial  crests  absent  or  poorly  developed; 
paratoid  extending  anteriorly  above  the 
ear  opening  and  virtually  bordering  the 
posterior  edge  of  the  orbit 5 


Tarsal 

Fold 


Text-fig.  4 


5.  A distinct  fold  of  skin  (tarsal  fold)  present 
on  the  inner  side  of  the  tarsus  (Text-fig.  3 ) ; 
warts  low  and  smooth 

Bufo  boreas  halophilus 
No  fold  of  skin  on  inner  side  of  tarsus; 
warts  spiny,  especially  those  on  legs  and 
belly Bufo  bufo  gargarizans 


6.  Numerous  narrow,  short  longitudinal 
glandular  ridges  covering  back  and  sides; 
numerous  small  warts  on  upper  eyelid 

Rana  rugosa 

Few,  if  any,  longitudinal  ridges;  no  warts 
on  upper  eyelid 7 

7.  A prominent  long  glandular  ridge  on  each 
side  of  the  back  extending  from  the  eye 

almost  to  the  hind  leg 8 

No  long  glandular  ridge  on  each  side  of 
the  back Rana  catesbeiana 

8.  A prominent,  light  mid-dorsal  stripe  and  a 
more  or  less  regular  light  stripe  along  each 
lateral  glandular  fold  on  the  back 

Rana  n.  nigromaculata 
No  distinct  mid-dorsal  or  lateral  stripes 

Rana  clamitans 

9.  Body  enclosed  in  a bony  or  leathery  shell; 
limbs  paddle-shaped  or  with  a prominent 

web  between  the  digits  (Turtles) 10 

Body  not  enclosed  in  a shell;  limbs,  when 
present,  not  paddle-shaped  nor  with  a 
prominent  web  between  the  digits  (Snakes 
and  lizards)  13 

10.  Body  encased  in  a hard,  bony  shell 11 

Body  covered  by  a leathery  shell 12 

11.  A single  pair  of  prefrontal  shields  present 
on  the  head  (Text-fig.  5) ; usually  one  claw 

on  each  fore  limb Chelonia  japonica 

Two  pairs  of  prefrontal  shields  present  on 
the  head  (Text-fig.  6);  usually  two  claws 
on  each  fore  limb 

Eretmochelys  imbricata  squamata 


Text-fig.  5 


12.  Upper  shell  with  smooth  skin  showing 
seven  prominent  longitudinal  ridges;  limbs 
paddle-shaped;  clawless;  snout  not  project- 
ing to  form  a soft  proboscis 

Dermochelys  coriacea  schlegeli 

Upper  shell  soft  and  leathery,  without 
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longitudinal  ridges;  limbs  not  paddle- 
shaped; with  3 claws;  snout  projecting  to 
form  a soft  proboscis.... Trionyx  s.  sinensis 

13.  With  visible  legs  and  with  external  ear 

openings 15 

No  visible  legs  and  no  external  ear  open- 
ings   14 

14.  Tail  strongly  compressed  laterally;  eyes 

distinct;  marine Pelamis  platurus 

Tail  rounded;  eyes  situated  beneath  a head 
shield,  faintly  visible;  terrestrial 

Typhlops  braminus 

15.  Fingers  and  toes  expanded  to  form  ad- 


hesive organs  (Text-fig.  7-11) 16 

Fingers  and  toes  not  expanded 20 


Text-fig.  14 

Text-fig.  15 

16.  Fourth  toe  of  hind  foot  approximately 
twice  as  long  as  fifth  toe  (Text-fig.  11); 
pupil  of  eye  round 

Anolis  carolinensis  porcatus 
Fourth  toe  not  twice  as  long  as  fifth  toe 
(Text-figs.  7,  8);  pupil  vertically  ellip- 
tical   17 

17.  Chin  shields  bordering  mental  plate  larger 

than  first  lower  labial  (Text-figs.  12, 13)..  18 
Chin  shields  bordering  mental  plate  smaller 
than  first  lower  labial  (Text-figs.  14, 
15)  19 

18.  Second  largest  pair  of  chin  shields  sepa- 
rated from  labials  by  smaller  scales  (Text- 
fig.  12);  inner  digit  with  a distinct  distal 
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phalanx  bearing  a claw  (Text-fig.  7) 

Hemidactylus  garnoti 
Second  largest  pair  of  chin  shields  broadly 
in  contact  with  second  lower  labial  (Text- 
fig.  13);  inner  digit  lacks  a distal  phalanx 
and  a claw  (Text-fig.  8 )....Gehyra  mutilata 

19.  Two  to  four  chin  shields  in  contact  with 
the  mental  plate  and  first  labial  on  each 
side  (Text-fig.  14);  last  phalanx  of  digits 
adhering  to  and  not  arising  from  within 
the  expanded  portion  of  the  digits  (Text- 

fig.  10) Lepidodactylus  lugubris 

Six  to  seven  chin  shields  in  contact  with 
the  mental  plate  and  first  labial  on  each 
side  (Text-fig.  15);  last  phalanx  of  digits 
free  and  not  adhering  to  but  arising  from 
within  the  expanded  portion  of  the  digit 
(Text-fig.  9 ) ..Hemiphyllodactylus  t.  typus 

20.  Eyelids  vestigal,  immovable;  frontal  shield 
separated  from  frontonasal  shield  by  pre- 
frontals  which  are  in  contact  on  mid- 
dorsal line  of  head  (Text-fig.  16) 

Ablepharus  boutoni  poecilopleurus 
Eyelids  well-developed,  movable;  frontal 
shield  touching  frontonasal;  prefrontals  not 
in  contact  on  mid-dorsal  line  of  head 
(Text-figs.  17,  18,  19) 21 


Text-fig.  16  Text-fig.  17 


Abbreviations  : /—frontal ; fn— frontonasal ; fp— fronto- 

parietal ; i— interparietal ; n— nasal ; nc— nucal ; p— parietal ; 
pf— prefrontal ; pn— postnasal ; r— rostral ; sn— supranasal ; 
so— supra-ocular. 

21.  A supranasal  shield  present  (Text-fig.  18); 
no  interparietal  plate  (fused  with  fronto- 


parietal as  shown  in  Text-fig.  18) 

Emoia  cyanura 
No  supranasal  shield;  interparietal  plate 

present  (Text-fig.  17) 22 

22.  Frontoparietal  divided,  forming  two  plates 
(Text-fig.  17);  a prominent  light  occipital 
spot  on  posterior  edge  of  interparietal  and 
suture  between  parietals,  usually  continu- 
ing posteriorly  as  a narrow,  light  mid- 
dorsal stripe  on  the  two  median  scale 
rows ....Lygosoma  ( Leiolopistna ) n.  noctua 
Frontoparietal  a single  plate,  not  divided 
(Text-fig.  19);  no  light  occiptal  spot  nor  a 
narrow  light  mid-dorsal  stripe.... Lygosoma 
( Leiolopistna ) metallicum 

AMPHIBIA 

Order  Salientia  (Anura)  — Frogs  and  Toads 
In  a tabulation  of  the  Hawaiian  fauna,  E.  H. 
Bryan,  Jr.  (in  Fullway  & Krauss,  1945),  indi- 
cates that  the  number  of  species  of  amphibians 
is  five  plus,  but  does  not  list  the  species.  We 
include  eight  species  that  are  reported  to  be 
established  in  the  islands  at  the  present  time. 
Additional  species  may  be  present  in  isolated 
colonies  on  the  more  remote  islands.  Some  of 
the  species  listed  here  appear  to  have  a limited 
distribution  and  thus  their  future  status  may  be 
somewhat  in  doubt.  Other  species  are  known 
to  have  been  brought  to  the  islands  but  do  not 
appear  to  have  become  established.  For  ex- 
ample, as  already  mentioned,  it  is  known  that 
Mr.  Albert  Koebele  brought  “Toads  and  four 
species  of  Japanese  Frogs.”  Also,  Mr.  E.  M. 
Ehrhorn  is  reported  (Tinker,  1941)  to  have 
imported  Australian  Tree  Frogs,  Hyla  aurea, 
and  liberated  them  in  the  Manoa  Valley  on 
Oahu.  These  importations  occurred  in  1895 
and  1929.  Today  there  are  three  Japanese 
species  established  but  no  subsequent  report  of 
the  Australian  Tree  Frog.  There  are  doubtless 
many  other  similar  cases  in  which  the  details 
are  not  known. 

Family  Bufonidae  — Toads 

Bufo  boreas  halophilus  Baird  & Girard 
California  Toad 

Bufo  columbiensis,  Byran,  W.  A.,  1915,  Natural 
History  of  Hawaii,  p.  384. 

Bufo  americanus,  Tinker,  1941,  Animals  of 
Hawaii,  p.  22. 

Bufo  boreas  halophilus,  Storer,  1925,  Univ. 
Calif.  Publ.  Zool.,  vol.  27,  pps.  169-182. 
Both  Bryan  (1915)  and  Tinker  (1941)  re- 
cord the  introduction  of  toads  by  Mr.  Albert 
Koebele.  Bryan  uses  the  specific  name  colum- 
biensis, whereas  Tinker  employs  the  designation 
americanus  but  describes  the  animal  as  “the 
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little  warty  creature  from  California.”  We  have 
examined  no  Hawaiian  specimens  that  relate  to 
the  species  in  question,  but  we  believe  that  the 
animal  cited  by  Bryan  and  Tinker  should  be 
allocated  under  the  name  used  here.  Bryan’s 
name  is  one  that  was  used  around  the  beginning 
of  the  century  for  both  the  California  and  the 
Northwestern  Toad.  Since  Mr.  Koebele  ob- 
tained his  specimens  in  California  it  is  most 
likely  that  he  had  the  California  and  not  the 
Northwestern  Toad.  If  the  toads  in  question 
were  native  to  California,  as  stated  by  both 
Bryan  and  Tinker,  they  were  certainly  not  the 
American  Toad.  This  last  named  species  lives 
in  the  area  east  of  the  Rocky  Mountains. 
Tinker’s  picture  could  be  any  one  of  the  three 
toads  mentioned,  but  looks  more  like  an  Amer- 
ican than  either  of  the  other  two  species. 

Mr.  Koebele  brought  his  toads  to  the 
Hawaiian  Islands  in  the  1890s  to  assist  in  the 
control  of  noxious  insects.  Bryan  ( loc . cit.) 
states  that  it  is  now  known  definitely  to  occur 
only  on  the  island  of  Oahu  where  he  has  seen 
specimens  in  the  upper  Manoa  valley.  It  is  cer- 
tainly not  very  abundant  at  the  present  time. 
This,  together  with  its  limited  distribution, 
makes  its  status  as  a member  of  the  islands’ 
fauna  somewhat  questionable. 

Bufo  bufo  gargarizans  Cantor 
Asiatic  Toad 

Bufo  asiaticus,  Svihla,  1936,  Mid-Pacific  Maga- 
zine, vol.  49,  no.  2,  pp.  124-5,  figs.  1-3. 

Bufo  bufo  asiaticus.  Tinker,  1941,  Animals  of 
Hawaii,  p.  21. 

Bufo  bufo  gargarizans.  Boring,  1938,  Peking 
Nat.  Hist.  Bull.,  vol.  13,  pt.  2,  pp.  89-110, 
tables  i-ix. 

Svihla  (1936)  appears  to  be  the  earliest  spe- 
cific recorder  of  the  Asiatic  Toad  from  the 
Hawaiian  Islands.  He  states,  “so  far  known  to 
occur  only  on  the  Island  of  Kauai.”  Tinker 
(1941)  reports  a single  specimen  that  was  col- 
lected on  Kauai  in  1933.  This  is  probably  one 
of  the  Japanese  toads  that  was  imported  by 
Koebele  in  1895  or  1896  (see  Origin  of  Fauna, 
p.  68).  He  stated  in  his  1897  report  that  the 
toads  from  California  and  Japan  were  breeding 
in  the  islands  as  of  that  date.  He  did  not  specify 
which  species  were  included,  but  this  is  the 
only  Asiatic  toad  present  in  the  Hawaiian 
Islands  today.  The  fact  that  it  is  now  known 
only  on  Kauai  suggests  that  it  may  have  de- 
creased in  numbers  in  recent  years.  Like  the 
Giant  Neotropical  Toad,  this  species  was  intro- 
duced to  help  control  insect  pests  of  agricultur- 
ally important  plants.  It  is  one  of  the  largest 
toads  in  the  world  and  consequently  should  be 


a voracious  predator  of  insects.  That  such  is 
true  is  indicated  by  the  findings  of  Okada 
(1938)  who  made  a careful  study  of  the  food 
habits  of  this  toad  in  Japan.  He  found  the 
stomach  contents  to  consist  of  the  following 


items: 

Insects  98.4% 

Myriapodes  1.0% 

Molluscs  0.3% 

Arachnids  0.2% 

Plant  material  (probably 

taken  unintentionally)  0.1% 


Beetles  made  up  the  bulk  of  the  insects  re- 
corded. A comparative  study  of  the  food 
habits  of  this  toad  and  Bufo  marinus  in  the 
Hawaiian  Islands  would  be  of  considerable 
interest.  It  is  possible  that  the  two  species  are 
complementary  in  their  distribution,  with  the 
Asiatic  Toad  occurring  in  the  higher  areas  and 
the  Giant  Neotropical  Toad  inhabiting  the 
lowlands.  However,  this  is  purely  a supposi- 
tion based  on  observations  of  the  habits  of  the 
toads  in  their  respective  home  areas. 

The  maximum  size  recorded  for  the  Asiatic 
Toad  is  identical  with  the  maximum  size 
known  for  the  Giant  Neotropical  Toad.  Boring 
& Liu  (1934)  cite  an  unusually  large  specimen 
with  a head  and  body  length  of  9 inches  (225 
mm).  Females  attain  a larger  size  than  males. 

Boring  (1938)  and  Pope  & Boring  (1940) 
discuss  the  systematic  status  of  this  toad,  and 
we  follow  their  treatment  of  the  form. 

Bufo  marinus  Linnaeus 
Giant  Neotropical  Toad;  Marine  Toad 
Bufo  marinus,  Pemberton,  1934,  Hawaiian 
Planters’  Record,  vol.  38,  no.  1,  pp.  186- 
192,  figs.  1-2. 

This  toad  has  been  widely  introduced 
throughout  the  tropical  and  semitropical  areas 
of  the  world  to  aid  in  the  control  of  insect 
pests  that  feed  on  important  agricultural  plants. 
It  has  probably  been  transported  by  man  over 
a greater  geographical  area  than  any  other 
amphibian,  with  the  possible  exception  of  the 
American  Bullfrog.  The  Giant  Neotropical 
Toad  was  first  introduced  into  the  Hawaiian 
Islands  in  1932  when  Dr.  C.  E.  Pemberton 
brought  148  adult  toads  from  Puerto  Rico. 
Eighty  of  these  were  liberated  in  a taro  patch 
near  Waipio,  Oahu,  and  68  were  released  in 
a swampy  part  of  the  Manoa  Arboretum  at 
the  head  of  Manoa  valley,  Honolulu.  The  toads 
increased  rapidly  in  number  and  in  a little  over 
two  years  more  than  100,000  descendants  of 
the  original  stock  were  distributed  through  Dr. 
Pemberton’s  activities  throughout  the  islands. 
The  toads  for  most  of  the  introductions  of  this 
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species  in  the  Pacific  area  have  come  from  the 
Hawaiian  populations. 

The  effectiveness  of  the  toad  in  checking 
injurious  insects  is  clearly  attested  by  an  analy- 
sis of  stomach  contents.  Illingworth  (1941) 
and  Fullway  & Krauss  (1945)  indicate  that  in 
the  Hawaiian  Islands  the  toad  is  particularly 
valuable  at  the  present  time  in  destroying  large 
numbers  of  the  Rose  Beetles  ( Adoretus  sinicus 
and  Pantomorus  godmani)  and  the  Burrowing 
or  Surinam  Roach  ( Pycnascelus  surinamensis) . 
Illingworth  points  out  that  destruction  of  the 
roach  is  a beneficial  service  since  the  roach  is 
the  intermediate  host  of  the  eye  worm  of 
chickens.  Another  beneficial  service  is  performed 
by  this  toad  in  feeding  on  centipedes. 

Reports  on  the  diet  of  this  toad  in  other 
areas  show  that  virtually  all  small  organisms 
may  be  eaten  but  the  animals  that  form  the 
bulk  of  the  food  consumed  are  (in  the  order 
of  greatest  frequence):  beetles  (adults  and 
larvae);  true  bugs;  cockroaches;  moth  larvae; 
slugs;  snails;  and  millipedes.  The  insects  re- 
ported in  addition  to  those  already  mentioned 
for  the  toads  include  such  economically  im- 
portant forms  as  the  Army  Worm  ( Spodoptera 
exempta ),  the  Banana  Borer  ( Cosmopolites 
sordidus) , the  Burnished  Plant  Bug  ( Brachy - 
platys  pad  ficus),  the  Cane  Beetle  Borer  ( Rhab - 
doscelus  or  Rhabdocnemis  sp.),  the  American 
Cockroach  ( Periplaneta  americana),  the  Cut- 
worms ( Cirphis  unipuncta  and  Hippotion 
celerio),  the  “Frenchi”  Beetle  ( Lepidiota 
frenchi),  the  Grayback  Beetle  ( Lepidoderma 
sp.),  the  Plant  Bug  ( Geotomus  pygmaeus), 
the  Weevils  ( Acalles  sp.  and  Elytroteinus  sp.), 
and  the  White  Grubs  Phyllophaga  sp.  and 
Rhopea  sp.), 

Pemberton  (1934)  has  presented  a detailed 
account  of  the  life  history  of  this  toad  in  the 
Hawaiian  Islands.  From  his  account  it  is  in- 
teresting to  note  that  the  toad  breeds  through- 
out the  year,  has  a larval  (tadpole)  stage 
lasting  about  30  days  and  that  sexual  maturity 
is  attained  in  approximately  a year.  Efforts  to 
get  the  toads  to  breed  in  confinement  have  not 
been  successful,  although  eggs  laid  in  the  wild 
can  be  hatched  successfully  and  the  tadpoles 
reared  in  hatchery  pools.  In  fact,  hatchery- 
reared  tadpoles  that  were  fed  on  special  diets 
transformed  in  about  25  days,  as  compared 
with  the  usual  30-day  larval  period  in  the  wild. 

Ely  (1944)  has  tested  the  saltwater  tolerance 
of  eggs  and  tadpoles  of  the  species.  He  found 
that  eggs  deposited  in  dilutions  of  15%  or  less 
of  sea  water  would  hatch  and  the  tadpoles 
could  be  reared  to  metamorphosis.  Eggs  and 
tadpoles  could  not  tolerate  stronger  dilutions 
of  sea  water.  These  experiments  were  per- 


formed at  Honolulu,  but  specific  salinity  of 
the  water  was  not  recorded.  La  Rivers  (1948) 
found  the  toad  “present  in  numbers”  in  “a 
series  of  brackish  lily  ponds,  adjacent,  but 
without  any  direct  connections  to  the  Pearl 
Harbor  fringe  of  tidepools.” 

Like  the  Asiatic  Toad,  this  species  is  one  of 
the  largest  toads  in  the  world.  A large  female 
from  British  Guiana  in  the  collection  of  the 
American  Museum  of  Natural  History  has  a 
head  and  body  length  of  9 inches  (225  mm). 
The  large  size  of  this  toad  is  an  advantage 
in  relation  to  insect  consumption  but  has  re- 
sulted in  one  of  the  objections  raised  against 
its  introduction.  On  warm,  rainy  nights  when 
the  toads  are  active  and  are  found  crossing 
the  roads  in  large  numbers,  they  have  been 
reported  to  present  a minor  hazard  to  auto- 
mobile drivers.  Another  objection  results  from 
the  fact  that  they  can  produce  a powerful  toxic 
secretion  from  the  paratoid  glands.  This  secre- 
tion is  only  effective  when  it  comes  in  contact 
with  mucous  tissues,  such  as  may  occur  when 
a dog  bites  a toad  or  when  a human  unin- 
tentionally rubs  the  secretion  into  the  eyes 
after  handling  a toad.  Small  dogs  have  been 
known  to  die  following  attacks  on  toads.  How- 
ever, these  represent  extreme  cases  and  death 
does  not  usually  result  from  such  experiences. 
In  the  case  of  a human  being  getting  the  secre- 
tion into  the  eyes,  the  result  is  a strong  burning 
sensation  accompanied  by  weeping  and,  fre- 
quently, sneezing.  It  should  be  stressed  that 
this  secretion  is  strictly  a defensive  device  that 
is  employed  only  when  the  toad  is  seized  or 
handled. 

La  Rivers  (1948)  and  Baldwin,  Schwartz  & 
Schwartz  (1952)  have  pointed  out  that  the 
Mongoose  is  a predator  of  this  toad  and  is 
apparently  unaffected  by  the  paratoid  secre- 
tions. The  latter  authors  add  that  the  few 
records  of  this  toad  in  the  stomachs  of  the 
Mongooses  are  not  proportional  to  the  abund- 
ance of  the  toads.  Rather  than  attribute  this 
discrepancy  to  any  effectiveness  of  the  poison, 
they  suggest  that  the  nocturnal  habits  of  the 
toad  may  be  responsible  for  the  low  degree 
of  predation  exerted  on  the  amphibian  by  the 
essentially  diurnal  Mongoose.  These  authors 
report  the  interesting,  unpublished  experiments 
of  Charles  S.  Judd  of  Honolulu  who  confined 
Mongooses  and  toads  in  the  same  cage,  with- 
out food.  At  the  end  of  his  experiments,  five 
Mongooses  had  eaten  twenty  toads  and  were 
“alive,  saucy,  active  and  in  excellent  health.” 

Another  series  of  experiments  conducted  in 
Australia  to  test  the  possible  undesirable  effects 
of  this  toad  on  poultry  were  carried  out  by 
A.  F.  Bell  (quoted  by  Lever,  1940).  This 
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investigator  found  that  there  were  absolutely 
no  harmful  effects  to  poultry  as  a result  of  the 
introduction  of  the  toad.  In  one  test  “one  fowl 
ate  no  less  than  142  small  toads  within  the 
space  of  about  one  hour”  without  exhibiting 
any  harmful  effects.  To  judge  from  the  many 
reports  on  the  effects  of  this  toad  in  controlling 
injurious  insects,  the  benefits  that  have  resulted 
from  its  introduction  appear  to  outweigh  the 
minor  objections  that  have  been  raised  against 
it.  Most  of  these  objections  have  been  shown 
to  be  based  on  insignificant  or  on  entirely 
imaginary  grounds. 

Arnold  (1944)  reports  an  interesting  cause 
of  death  in  this  toad  in  the  Hawaiian  Islands. 
In  discussing  the  Strychnine  Tree,  Strychnos 
nux  vomica,  he  states,  “Dr.  Harold  Lyon 
(personal  communication)  states  that  a sea- 
sonal fatal  epidemic  among  the  toads  ( Bufo 
Marinus ) [sic]  in  the  Foster  Gardens  was  due 
to  the  ingestion  of  Strychnos  blossoms  fallen 
from  the  tree.  An  analysis  of  these  blossoms 
after  drying  showed  that  they  contained 
1.023%  of  strychnine. . . .The  bufoes  died  in 
convulsions.  It  is  conjectured  that  either  the 
toads  eat  the  flowers  instinctively  because  they 
fall  near  to  them  or  that  in  catching  an  insect 
perched  on  a flower  the  latter  is  also  ingested. 
The  poisonous  nature  of  strychnos  flowers  has 
not  been  recorded  before  to  this  writer’s 
knowledge.” 

Known  from  the  lowlands  of  Hawaii,  Kauai, 
Maui,  Molokai  and  Oahu. 

Family  Dendrobatidae  — Dendrobatids 

Dendrobates  auratus  Girard 
Gold  and  Black  Poison  Frog 
Dendrobates  tinctorius.  Tinker,  1941,  Animals 

of  Hawaii,  p.  26. 

Dendrobates  auratus,  Dunn,  1941,  Copeia, 

no.  2,  pp.  88-93. 

Tinker  (1941),  using  the  specific  name 
tinctorius,  has  recorded  the  introduction  of 
this  frog  into  Oahu  in  1932  by  Mr.  David  T. 
Fullway.  Two  hundred  and  six  individuals 
were  brought  from  Panama  to  assist  in  the 
control  of  insect  pests.  Dr.  Emmett  Reid  Dunn 
has  advised  us  that  the  specimens  introduced 
into  the  islands  were  taken  either  on  Taboga 
or  Tabogilla  Islands  in  the  Gulf  of  Panama 
and  were  not  from  the  mainland  of  Panama. 
These  were  liberated  in  the  upper  Manoa 
valley  and  apparently  the  frog  has  not  spread 
far  from  this  location.  Eleven  specimens  were 
collected  on  May  28,  1944,  near  the  head  of 
the  Manoa  valley.  They  range  in  size  from  a 


snout-vent  length  of  26.6  to  32.0  mm.  The 
largest  individuals  are  females,  two  of  which 
contain  ripe  eggs  in  the  oviducts. 

This  frog  represents  an  interesting  addition 
to  the  Hawaiian  fauna  and  is  literally  the  most 
colorful  amphibian  found  there.  The  striking 
coloration  of  light  golden-green  (white  in  pre- 
servation) rounded  markings  on  a jet  black 
background  readily  distinguishes  it  from  any  of 
the  other  frogs  that  occur  in  the  islands.  Like 
the  other  members  of  the  genus  Dendrobates, 
this  species  is  noted  for  the  highly  toxic  secre- 
tion of  the  skin  glands.  Dunn  (1941)  states 
that  contact  with  it  in  a collecting  bag  is  fatal 
to  other  frogs.  Breder  (1946)  reports  that  the 
Indians  of  eastern  Panama  use  these  frogs  to 
poison  the  tips  of  blow  gun  darts,  by  first 
toasting  them  over  a fire.  The  skin  secretion 
provides  strong  protection  against  predators 
but  is  harmless  to  man  unless  accidentally 
brought  in  contact  with  the  eyes  or  the  mucous 
membranes  of  the  mouth. 

Dunn  ( loc . cit.)  has  given  an  interesting 
summary  of  the  life  history  of  this  species. 
One  of  the  most  interesting  features  of  the 
breeding  habits  is  the  “tadpole  carrying”  that 
is  performed  by  the  males.  In  this  performance 
the  male  frog  has  been  found  hopping  about 
with  one  or  more  tadpoles  securely  adhering 
to  his  back.  The  males  carrying  tadpoles  have 
been  observed  to  enter  and  leave  small  water 
holes  with  their  tadpole  cargo  still  on  their 
backs  (Dunn),  as  well  as  to  enter  and  deposit 
(or  lose?)  their  tadpoles  in  the  water  (Eaton, 
1941). 

The  species  is  diurnal  in  its  habits,  being 
most  active  in  the  morning  after  a rain.  It  may 
be  observed  about  as  frequently  on  the  ground 
as  in  shrubs  and  bushes.  The  eleven  specimens 
collected  in  the  upper  Manoa  valley  were  found 
under  a piece  of  tin  beneath  a house.  From 
this  material  it  is  quite  evident  that  the  species 
is  represented  by  a reproductive  population, 
at  least  in  the  upper  Manoa  valley.  Whether  it 
has  or  will  spread  to  other  parts  of  Oahu  re- 
mains to  be  seen.  If  it  is  able  to  increase  its 
numbers  and  occupy  additional  areas,  it  should 
prove  a valuable  ally  in  the  campaign  to  con- 
trol insect  pests. 

In  the  past  this  species  has  frequently  been 
confused  with  another  member  of  the  genus, 
tinctorius.  The  two  species  are  easily  distin- 
guished by  their  coloration.  As  noted  above, 
auratus  has  light  rounded  markings  on  a black 
background,  whereas  tinctorius  has  a light 
dorsolateral  stripe  on  each  side  on  a black 
background. 

Known  only  on  Oahu. 
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Family  Ranidae  — True  Frogs 

Rana  catesbeiana  Shaw 
American  Bullfrog 

Rana  catesbiana  (sic),  Bryan,  W.  A.,  1915, 
Natural  History  of  Hawaii,  p.  299. 

Rana  catesbeiana,  Storer,  1925,  Univ.  Calif. 

Publ.,  Zool.,  vol.  27,  p.  279. 

Rana  catesbians  (sic),  Svihla,  1936,  Mid- 
Pacific  Magazine,  vol.  49,  no.  2,  124-5, 
figs.  1-3. 

This  was  probably  one  of  the  first  species 
of  amphibians  to  be  introduced  into  the 
Hawaiian  Islands  and  may  have  been  one  of 
the  frogs  that  was  imported  prior  to  1867. 
During  that  year  a shipment  of  frogs  was 
brought  in  from  California,  but  most  of  these 
do  not  appear  to  have  lived.  In  1879  six 
dozen  frogs  were  brought  to  Hilo  from  Contra 
Costa  County,  California.  These  were  said  to 
be  of  two  kinds,  “one  dark  green  and  the 
other  mottled”  (Jordan  & Evermann,  1905). 
This  importation  proved  successful  and  the 
frogs  soon  became  abundant.  Like  the  Giant 
Neotropical  Toad,  the  American  Bullfrog  has 
been  transported  by  man  over  a great  geo- 
graphical area.  The  primary  reason  for  trans- 
planting the  Bullfrog,  however,  was  for  the 
purpose  of  providing  an  additional  source  of 
food  rather  than  for  assistance  in  the  control 
of  injurious  insects. 

Bullfrogs  consume  large  numbers  of  insects, 
but  are  not  so  effective  in  pest  control  as  the 
toads  because  of  their  closer  restriction  to 
water.  In  addition  to  insects,  the  voracious 
Bullfrogs  eat  almost  any  animal  that  they  are 
able  to  catch  and  can  swallow.  At  Pearl 
Harbor,  La  Rivers  (1948)  found  this  frog 
to  be  common  in  “brackish  lilyponds”  that 
were  otherwise  quite  barren  of  animal  fife. 
He  was  unable  to  determine  their  main  source 
of  food.  Of  eight  stomachs  examined,  five 
were  empty,  one  contained  a Mourning  Gecko, 
one  a smaller  Bullfrog,  and  one  an  American 
Cockroach.  The  eggs  are  laid  in  permanent 
ponds  and  it  is  reported  (Tinker,  1941)  that 
in  the  Hawaiian  Islands  the  tadpole  stage  is 
completed  in  less  than  six  months.  In  this  area, 
Bullfrogs  are  preyed  upon  by  Mongooses, 
Black-crowned  Night  Herons  and  cats,  but 
man  is  by  far  the  largest  consumer  of  these 
frogs. 

Jordan  & Evermann  ( supra  cit.)  stated  that 
the  Bullfrog  occurred  in  sufficient  numbers  to 
be  marketed  locally  as  early  as  1900.  Storer 
(1925),  in  speaking  of  this  frog  in  the 
Hawaiian  Islands,  states  that  it  “is  now  present 
in  such  numbers  that  it  is  sought  commer- 


cially, and  Hawaiian-grown  Bullfrogs  are  to 
be  found  at  times  in  the  San  Francisco  mar- 
kets.” Svihla,  writing  in  1936,  records  the 
species  but  does  not  comment  on  its  abund- 
ance. Tinker  (1941)  reports  that  it  is  found 
“on  all  the  larger  islands  of  our  Territory”  and 
records  that  the  University  of  Hawaii  has 
organized  “frog  clubs”  to  encourage  the  pro- 
duction of  frogs  for  food. 

The  origins  of  the  Bullfrogs  introduced  into 
the  Hawaiian  Islands  are  as  uncertain  as  the 
date  of  the  original  introduction.  As  mentioned 
above,  some  of  the  frogs  were  brought  from 
a frog  farm  in  Contra  Costa  County,  Cali- 
fornia. In  connection  with  this  story  it  is  in- 
teresting to  note  a statement  of  Storer’s  ( supra 
cit.)  regarding  this  species  in  California.  He 
says  that  the  introduced  Bullfrogs  of  California 
came  from  at  least  three  sources:  a New 
Orleans  frog  dealer;  Missouri;  and  “the  frogs 
at  Standard  are  said  to  have  been  obtained 
from  a San  Francisco  dealer  who  purchased 
his  stock  in  Hawaii”! 

It  is  quite  possible  that  the  Bullfrog  is  not 
so  common  today  as  it  was  a quarter  of  a 
century  ago.  Other  frogs  are  present  much 
more  abundantly  in  recent  collections  from 
the  islands  than  are  specimens  of  this  species. 

Known  from  Hawaii,  Kauai,  Maui,  Molokai 
and  Oahu. 

Rana  clamitans  Latreille 
Green  Frog 

Rana  clamitans.  Tinker,  1941,  Animals  of 
Hawaii,  p.  36. 

The  Green  Frog  has  been  reported  from 
time  to  time,  but  its  status  in  the  islands  is 
rather  uncertain.  We  have  examined  no  speci- 
mens of  this  species.  It  was  possibly  intro- 
duced at  an  early  date  along  with  Bullfrogs. 
Iiarly  reports  of  this  frog  may  have  been 
based  on  misidentified  Bullfrogs;  however. 
Tinker  (1941)  states  that  Mr.  E.  O.  Farm 
made  an  importation  of  Green  Frogs  in  1935. 
These  were  liberated  in  his  taro  patches  in  the 
Pawaa  section  of  Honolulu.  The  tadpole  stage 
of  the  Green  Frog  requires  a considerably 
shorter  time  than  that  of  the  Bullfrog,  being 
between  two  and  three  months  in  duration. 

At  present  known  definitely  only  from  Oahu. 

Rana  nigromaculata 
NIGROMACULATA  Hallowell 
Black  Spotted  Frog 

Rana  nigromaculata,  Tinker,  1941,  Animals 
of  Hawaii,  p.  27. 

Rana  nigromaculata  nigromaculata,  Schmidt, 
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1927,  Bull.  Amer.  Mus.  Nat.  Hist.,  vol.  54, 

p.  563. 

The  only  record  of  the  occurrence  of  this 
species  in  the  Hawaiian  Islands  is  that  of  Tinker 
(1941).  He  states  that  it  was  supposedly  intro- 
duced sometime  after  1925  and  that  it  is  now 
found  to  be  “commonest”  in  the  streams 
around  Honolulu  and  in  the  lowland  areas 
about  Waipahu  on  Oahu.  We  have  not  seen 
any  specimens  of  this  frog  from  the  islands. 

The  Black  Spotted  Frog  is  a native  of 
China  and  Japan.  Schmidt  (1927)  proposed 
the  recognition  of  three  subspecies,  but  Liu 
(1950)  questions  that  such  treatment  is  justi- 
fied in  light  of  our  present  knowledge.  Moriya 
(1952),  in  his  current  studies  on  this  frog  in 
Japan,  confirms  Schmidt’s  recognition  of  sev- 
eral races.  It  is  not  known  definitely  whether 
the  Hawaiian  frogs  were  brought  from  China 
or  Japan,  but  there  is  the  possibility  that  this 
was  one  of  the  four  species  of  Japanese  frogs 
brought  to  the  islands  in  1895  or  1896  by 
Koebele.  Tinker’s  report  suggests  that  it  may 
have  been  brought  in  more  than  once.  It  is 
not  a well-known  species  in  the  islands  and 
does  not  appear  to  be  very  common.  In  the 
Orient  it  is  found  in  the  vegetation  around 
ponds,  streams  and  flooded  rice  fields. 

Rana  rugosa  Schlegel 
Wrinkled  Frog 

Rana  rugosa , Svihla,  1936,  Mid-Pacific  Maga- 
zine, vol.  49,  no.  2,  pp.  124-5,  figs.  1-3. 

The  first  specific  report  of  this  species  in 
the  Hawaiian  Islands  is  that  of  Svihla  (1936), 
although  Pemberton’s  (1934)  article  on  the 
Giant  Neotropical  Toad  suggested  its  presence. 
Dr.  C.  E.  Pemberton  generously  searched  the 
published  records  for  us  to  obtain  information 
relating  to  the  introduction  of  this  species.  He 
had  personally  been  familiar  with  it  in  tlie 
small  streams  on  Oahu  since  1913.  Tinker 
(1941)  stated  that  “it  made  its  way  into  the 
Islands  sometime  prior  to  1900.”  In  the 
“Report  of  the  Minister  of  the  Interior  to  the 
President  of  the  Republic  of  Hawaii  for  the 
Biennium  ending  1897,”  Dr.  Pemberton  found 
the  interesting  and  suggestive  report  of  Albert 
Koebele’s  trip  to  Australia  and  the  Orient. 
This  trip  ended  with  a visit  to  Japan  where 
Koebele  secured  a number  of  animals  for  im- 
portation to  Hawaii.  Included  in  his  collection 
of  live  animals  were  toads  and  “four  species 
of  Japanese  Frogs.”  Koebele  returned  to 
Hawaii  in  late  1895  or  early  1896.  It  seems 
very  probable  that  Rana  rugosa  was  one  of 
the  species  brought  in  at  that  time  and,  to 
judge  from  its  local  abundance  on  Oahu,  it  has 


been  the  most  successful  of  the  amphibian 
introductions  from  Asia. 

Svihla  has  presented  a detailed  life  history 
account  of  the  species  in  the  Hawaiian  Islands 
and  listed  it  from  Maui  and  Oahu  where  it  is 
found  in  the  mountain  streams.  Fisher  found 
adults  and  tadpoles  on  June  11,  1947,  in  the 
Makiki  Stream  at  elevations  of  400  to  1,000 
feet  in  the  Makiki  valley  on  Oahu.  He  says 
(in  lift.)  that  this  stream  is  “a  completely 
shaded  mountain  brook  with  large  boulders  in 
its  course.  The  water  is  rather  fast  moving  but 
there  are  a few  pools  up  to  four  feet  in  depth. 
Grasses,  weeds,  and  trees  grow  in  the  water; 
it  is  around  the  heavily  overgrown  shallow 
pools  that  the  frogs  are  most  numerous.  Their 
habits  seem  to  be  much  like  those  of  Rana 
pipiens."  £ 

Fisher  has  received  reports  from  competent 
observers  that  this  species  is  also  present  on 
the  island  of  Hawaii  and  that  it  breeds  from 
February  to  August.  In  1947  on  Oahu  he  found 
the  Wrinkled  Frog  breeding  from  February  15 
to  July  15  and  collected  a good  series  of  tad- 
poles on  June  11,  1947,  in  the  Makiki  Stream. 
The  tadpoles  varied  in  total  length  from  8.0 
mm  to  43.0  mm.  These  seemed  to  represent 
three  different  age  groups.  Those  from  31  to 
43  mm  possessed  external  hind  legs.  The  body 
length  of  the  43.0  mm  specimen  was  16.2  mm. 
This  individual  is  below  the  size  at  which  meta- 
morphosis reputedly  takes  place.  Okada  ( 1931 ) 
records  tadpoles  of  72-76  mm  in  total  length. 
Newly  transformed  juveniles  collected  on  the 
same  date  as  the  Mikiki  valley  tadpoles  have  a 
head  and  body  length  of  19.5  to  26.8  mm  in 
total  length.  Seven  adult  females  vary  in  head 
and  body  length  from  38.3  to  48.0  mm.  Six  of 
these  possess  ripe  eggs  in  the  oviducts.  A single 
adult  male,  with  a head  and  body  length  of  37.0 
mm,  was  collected. 

According  to  Okada’s  data  for  Japan,  males 
average  44.7  mm  and  females  average  42.8  mm 
in  head  and  body  length.  The  Hawaiian  speci- 
mens collected  by  Fisher  exhibit  several  minor 
differences  in  coloration  and  morphology  from 
Japanese  material  in  the  collection  of  the 
American  Museum  of  Natural  History.  How- 
ever, these  differences  do  not  appear  to  warrant 
nomenclatorial  recognition  for  the  Hawaiian 
population.  Moreover,  Okada  indicates  that  the 
species  exhibits  considerable  variation  in  differ- 
ent parts  of  Japan. 

Okada  (1938)  has  shown  that  this  species 
of  frog  includes  a higher  percentage  of  insects 
in  its  diet  than  any  other  Japanese  frog  studied. 
His  analysis  discloses  the  following  materials 
in  the  stomachs  (as  copied  from  Okada) ; 
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Insects  98.4% 

Crustaceans 1.5% 

Molluscs  1.0% 

Segmented  worms  0.5% 

Plant  material 0.5% 


Of  the  insects  consumed,  most  were  beetles, 
of  which  approximately  two-thirds  belonged  to 
noxious  species.  In  Japan  the  Wrinkled  Frog 
is  very  common  in  the  paddy-fields,  where  it 
is  of  great  value  in  checking  the  insect  pests 
of  rice.  This  frog  is  also  used  as  food  by  the 
Japanese  and  is  sold  in  the  markets. 

Known  from  Hawaii,  Maui  and  Oahu;  re- 
ported to  be  present  on  Kauai. 

REPTILIA 

Order  Chelonia —Turtles 
At  the  present  time  three  species  of  marine 
turtles  have  been  reported  from  the  waters 
surrounding  the  Hawaiian  Islands  and  at  least 
one  introduced  species  of  freshwater  turtle  has 
become  established  on  the  island  of  Kauai. 
There  are  no  native  land  or  freshwater  turtles 
on  the  islands.  Two  additional  marine  turtles, 
the  Pacific  Loggerhead  and  one  Pacific  Ridley, 
may  reach  the  islands  as  occasional  wanderers. 

A wide  variety  of  land  and  freshwater  turtles 
has  been  brought  to  the  islands,  but  except  for 
the  Chinese  Soft-shelled  Turtle  none  of  these 
appears  to  have  founded  self-maintaining  col- 
onies. Giant  Galapagos  Turtles  ( Testudo  ele- 
phantopus  subsp.)  were  brought  to  the  islands 
between  1812  and  1825.  Some  of  this  original 
group  were  still  alive  in  1915  (Bryan,  1915), 
and  the  last  one  died  in  the  1930s  (Breese,  in 
lift.)  This  large  land  turtle  has  not  become 
established  and  the  only  specimens  known  in 
the  islands  today  are  those  in  the  Honolulu  Zoo. 

A number  of  species  of  freshwater  turtles 
from  the  United  States  have  been  introduced 
into  the  islands  as  part  of  the  “pet  turtle” 
trade.  Some  of  these  have  been  kept  in  private 
fish  ponds,  but  so  far  there  is  no  evidence  that 
any  species  has  become  established.  The  most 
frequently  involved  species  are  the  Red-eared 
Turtle,  Pseudemys  scripta  elegans  (Wied),  and 
the  Common  Map  Turtle,  Graptemys  geo- 
graphica  (Le  Sueur). 

Family  Cheloniidae  — Marine  Turtles 

Chelonia  japonica  (Thunberg) 
Western  Pacific  Green  Turtle 
Chelonia  agassizii,  Grant,  1927,  Copeia,  no. 
164,  p.  69. 

Chelonia  mydas,  Tinker,  1941,  Animals  of 
Hawaii,  p.  45. 


Chelonia  japonica,  Carr,  1942,  Proc.  New 
Eng.  Zool.  Club,  vol.  21,  p.  3. 

The  correct  name  for  the  Hawaiian  Island 
Green  Turtle  is  somewhat  problematic.  At  the 
present  time  one  of  us,  Shaw,  is  studying  the 
systematics  of  the  marine  turtles  of  the  eastern 
Pacific  region.  From  the  data  obtained  so  far 
and  on  the  basis  of  the  zoogeographic  con- 
siderations outlined  by  Schmidt  (1945),  it 
appears  that  the  Hawaiian  Islands  represent 
the  easternmost  outpost  of  the  Western  Pacific 
Green  Turtle.  The  detailed  results  of  Shaw’s 
studies  on  the  marine  turtles  will  be  presented 
at  a later  date. 

This  species  is  the  most  abundant  of  the 
marine  turtles  in  the  Hawaiian  area.  Green 
Turtles,  like  the  other  species  of  marine  turtles, 
usually  come  ashore  only  when  the  females 
come  out  of  the  water  to  lay  their  eggs,  as  they 
do  on  French  Frigate  Shoal.  Wetmore  (in  Mel- 
len,  1925)  reported  killing  females  that  “con- 
tained eggs  ready  to  be  laid.”  Wetmore  (1925), 
Mellen  (1925)  and  Grant  (1927)  have  reported 
the  exceptional  habit  of  this  species  of  basking 
and  sleeping  out  of  the  water  on  secluded 
beaches  and  rocks  along  the  more  remote,  less 
inhabited  islands  of  the  Hawaiian  group.  A 
photograph  taken  on  Laysan  Island  in  1893  and 
published  in  the  New  York  Zoological  Society 
Bulletin,  vol.  16,  no.  60,  for  November,  1913, 
shows  three  Green  Turtles  on  their  backs  on  the 
beach.  The  accompanying  article  does  not  state 
whether  the  turtles  were  turned  while  laying 
eggs  or  while  sleeping  on  the  beach.  Ida  M. 
Mellen  ( supra  cit.)  elaborated  on  the  habits  of 
the  marine  turtles  sleeping  on  land  in  the  Hawai- 
ian Islands  and  quoted  additional  details  from 
her  correspondence  with  Dr.  Wetmore.  The  lat- 
ter stated,  “I  frequently  saw  from  25  to  50  or 
more  on  the  beaches  at  one  time.”  He  also 
emphasized  the  point  that  this  appeared  to  be  a 
daily  occurrence  on  uninhabited  beaches  and 
rocks. 

Tinker  (1941)  reports  a 50-pound  Green 
Turtle  that  was  removed  from  the  stomach  of 
a large  Tiger  Shark  caught  off  Barber’s  Point, 
Oahu,  on  February  28,  1935. 

Eretmochelys  imbricata  squamata  Agassiz 
Pacific  Hawksbill  Turtle 
Chelone  imbricata,  Bryan,  1915,  Natural  His- 
tory of  Hawaii,  p.  299. 

Eretmochelys  imbricata.  Tinker,  1941,  Animals 
of  Hawaii,  p.  49. 

Eretmochelys  imbricata  squamata,  Carr,  1942, 
Proc.  New  Eng.  Zool.  Club,  vol.  21,  p.  4. 
Next  to  the  Green  Turtle,  the  Hawksbill  is 
the  commonest  turtle  in  the  vicinity  of  the 
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Hawaiian  Islands.  This  turtle  has  little  eco- 
nomic importance  today,  although  formerly  it 
was  hunted  rather  widely  for  the  “tortoise 
shell”  of  commerce. 

Tinker  (1941)  states  that  it  is  “seen  com- 
monly in  the  waters  about  the  Hawaiian 
Archipelago.” 

Family  Dermochelidae  — 
Leatherback  Turtles 

Dermochelys  coriacea  schlegeli  (Garman) 
Pacific  Leatherback  Turtle 
Sphargis  coriacea.  Tinker,  1941,  Animals  of 
Hawaii,  p.  41. 

Dermochelys  schlegelii,  Stejneger  & Barbour, 
1943,  Check  List.  N.  Amer.  Amphibians 
and  Reptiles,  p.  211. 

Dermochelys  coriacea  schlegelii,  Carr,  1952, 
Handbook  of  Turtles,  p.  452. 

This  species,  the  largest  of  all  living  turtles, 
is  not  common  in  the  vicinity  of  the  Hawaiian 
Islands  and  the  few  specimens  recorded  from 
there  have  probably  been  wanderers  that 
reached  the  area  accidentally.  Tinker  (1941) 
reports  that  one  was  caught  “about  15  miles 
off  Kailua  on  Windward  Oahu”  on  April  5, 
1935,  and  was  brought  into  the  fish  market 
in  Honolulu  three  days  later.  Mr.  Breese  advises 
us  that  one  was  caught  off  Oahu  this  year. 

Family  Trionychidae  — 
Soft-shelled  Turtles 

Trionyx  sinensis  sinensis  Wiegmann 
Chinese  Soft-shelled  Turtle 
Trionyx  sinensis  sinensis,  Smith,  1931,  Fauna 
Brit.  India,  Reptilia  and  Amphibia,  vol.  I, 
p.  176. 

Trionyx  sinensis,  Brock,  1947,  Copeia,  no.  2, 
p.  142. 

The  presence  of  this  Chinese  turtle  in  the 
Hawaiian  Islands  was  first  reported  by  Brock 
in  1947.  It  is  known  to  be  established  only  on 
the  eastern  side  of  Kauai.  Both  the  Chinese 
and  Japanese  make  wide  use  of  the  soft-shelled 
turtles  as  food  and  have  propagated  some  spe- 
cies in  turtle  ponds.  These  turtles  were  fre- 
quently imported  into  the  Hawaiian  Islands  for 
food  purposes  and  the  Kauai  turtles  doubtless 
owe  their  establishment  to  propagation  efforts 
by  the  Orientals.  The  success  of  these  efforts 
was  achieved  prior  to  World  War  II  when  im- 
portation from  the  Orient  was  interrupted. 
Brock  reports  that  during  the  war  the  local  price 
reached  six  dollars  per  pound.  It  will  be  interest- 
ing to  note  how  rapidly  the  propagation  and  /or 


occurrence  of  this  turtle  will  spread  to  the  other 
islands  of  the  Hawaiian  archipelago. 

Order  Squamata 
Suborder  Serpentes  — Snakes 

Only  two  snakes  are  known  from  the 
Hawaiian  Islands.  One  of  these  is  a sea  snake 
that  is  seen  occasionally  in  the  seas  around 
the  islands.  It  is  a venomous  snake  that  virtu- 
ally never  bites  a human  for  the  simple  reason 
that  humans  seldom  come  in  contact  with  it 
since  it  does  not  come  in  to  the  land.  The 
other  snake  is  the  Blind  Snake,  a small  bur- 
rowing species  less  than  a foot  in  length.  This 
is  the  only  land  snake  found  in  the  Hawaiian 
Islands  and  it  occurs  there  only  in  a restricted 
section  of  Honolulu. 

Family  Typhlopidae  — Blind  Snakes 
Typhlops  braminus  (Daudin) 
Brahminy  Blind  Snake 

Typhlops  braminus,  Slevin,  1930,  Copeia,  no. 

4,  p.  158. 

This  small,  secretive  snake  was  apparently 
introduced  from  the  Philippines  in  the  dirt 
surrounding  plants  that  were  brought  in  for 
landscaping  the  campus  of  the  Kamehameha 
Boys  School  in  Honolulu.  It  was  first  found 
there  in  January  of  1930  and  appears  still  to 
be  restricted  to  this  general  area,  although 
definitely  increasing  in  numbers.  Fisher  (1948) 
reports  specimens  from  St.  Louis  Heights, 
Wilhelmina  Rise  and  the  lower  Manoa  valley, 
all  in  Honolulu. 

In  1944-45  small  colonies  of  this  snake  were 
thriving,  but  local  naturalists  were  concerned 
that  an  overzealous  collector  might  unwittingly 
destroy  them.  The  snake  is  usually  found  in 
or  under  logs  and  stumps,  under  boards,  rocks 
or  debris  of  various  kinds.  It  is  rarely  found 
abroad  but  has  been  seen  out  following  heavy 
rainfall.  Cagle  (1946-b)  reports  that  a female 
collected  in  Tinian,  in  the  Marianas,  laid  three 
elongate  eggs  on  April  2 1 , two  of  which  hatched 
on  May  29;  the  embryo  in  the  third  egg  died 
during  development. 

Family  Hydrophiidae  — Sea  Snakes 

Pelamis  platurus  (Linnaeus) 
Yellow-bellied  Sea  Snake 
Hydrus  platurus,  Stejneger,  1899,  Proc.  U.  S. 

Nat.  Mus.,  vol.  21,  p.  785. 

Pelamis  platurus.  Smith,  1926,  Monograph  of 

the  Sea  Snakes  (Hydrophiidae),  London, 

p.  116. 

Sea  snakes  are  rare  in  the  vicinity  of  the 
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Hawaiian  Islands.  Stejneger  (1899)  states  with 
surprise  that  he  could  find  no  record  for  this 
species  in  Hawaiian  waters.  Bryan  (1915)  re- 
cords three  specimens  that  he  cites  as  “the 
first  sea-snakes  to  be  taken  in  Hawaii.”  This 
species  is  frequently  found  in  open  water,  but 
the  viviparous  ( = ovoviviparous)  females  are 
reported  to  bring  forth  their  young  on  the 
remote  rock  islets  and  reefs.  The  late  Edward 
L.  Caum  checked  the  accession  records  of  the 
Bishop  Museum  up  to  1944  and  found  that 
four  specimens  had  been  recorded.  All  were 
taken  in  the  waters  off  Oahu.  No  date  of  col- 
lection is  recorded  for  two  of  the  specimens, 
while  two  were  collected  “prior  to  1921.” 

Order  Squamata 
Suborder  Sauria  — Lizards 

In  terms  of  abundance  and  ubiquity,  the 
lizards  are  the  most  prominent  members  of  the 
amphibian  and  reptile  fauna  of  the  Hawaiian 
Islands.  Among  the  terrestrial  element  of  this 
fauna,  the  lizards  are  also  the  oldest  inhabitants 
of  the  islands,  predating  the  immigration  of 
European  or  Asiatic  peoples  to  the  islands. 
For  these  reasons  they  have  been  studied  more 
and  are  better  known  than  the  other  reptiles 
or  the  amphibians.  Because  of  their  predomin- 
antly insectivorous  diet,  lizards  are  highly 
beneficial. 

The  nine  species  of  lizards  now  known  from 
the  Hawaiian  Islands  belong  to  three  families: 
Gekkonidae,  Iguanidae  and  Scincidae.  All  four 
species  of  geckos  and  three  species  of  skinks 
are  widely  distributed  throughout  the  warmer 
oceanic  islands  of  the  Pacific.  On  many  of  the 
islands  these  seven  species  represent  the  entire 
terrestrial  reptile  fauna.  From  the  available  in- 
formation it  seems  certain  that  these  lizards  owe 
their  wide  occurrence  in  the  Pacific  area  to 
being  transported  by  Polynesian  man.  The  re- 
maining species  of  skink  and  the  single  iguanid 
lizards  have  reached  the  Hawaiian  Islands  since 
the  beginning  of  the  present  century.  Neither  of 
these  last  two  forms  is  part  of  the  widespread 
Pacific  island  fauna. 

Family  Gekkonidae  — Geckos 

Lepidodactylus  lugubris  (Dumeril  & Bibron) 
The  Mourning  Gecko 

Lepidodactylus  lugubris,  Stejneger,  1899,  Proc. 

U.  S.  Nat.  Mus.,  vol.  21,  p.  792. 

The  Mourning  Gecko  is  the  smallest  of  the 
Hawaiian  geckos.  Adults  have  been  observed 
with  a total  length  of  three  and  a half  inches, 
with  the  tail  comprising  nearly  half  of  the 
length  (head-body  length  44  mm  and  tail 


length  41  mm).  It  is  a common  species  on 
several  of  the  Hawaiian  Islands.  On  Oahu  it  is 
the  most  commonly  observed  gecko.  In  Shaw’s 
collection  of  239  geckos  from  that  island, 
approximately  60%  were  Mourning  Geckos. 
Snyder  (1917)  reports  an  even  greater  pre- 
ponderance of  this  form  among  the  species 
that  he  observed  on  Oahu.  Near  Honolulu  he 
collected  107  lizards  in  about  two  hours;  102 
of  these  were  Mourning  Geckos.  On  another 
occasion,  he  took  147  geckos  of  which  144 
belonged  to  this  species.  Snyder  correctly  cau- 
tions that  “The  collector’s  catch  should  not  be 
regarded  as  an  index  of  the  relative  abundance 
of  a species,  and  in  this  particular  case  it 
appears  that  the  gregarious  habit  of  the  form 
was  largely  the  cause  of  its  being  caught  in 
such  numbers.”  Of  course,  other  factors  will 
also  operate  to  make  it  impossible  to  use  the 
number  of  specimens  collected  as  an  accurate 
indication  of  actual  abundance.  These  include 
time  of  day,  weather,  season,  method  of  col- 
lecting, size,  color,  habits  and  habitat  of  the 
animal.  Snyder  calls  attention  to  an  interesting 
difference  between  the  Fox  and  Mourning 
Geckos:  “Geckos  of  a more  wary  nature,  and 
those  which  closely  resemble  the  bark  of  trees 
both  in  the  color  and  roughness  of  the  skin, 
are  apt  to  be  overlooked.  Hemidactylus  garnoti, 
for  example,  is  well  protected  in  this  way,  and 
moreover  it  seems  to  be  possessed  of  keen 
vision,  is  cautious  of  danger,  and  swift  in  flight, 
frequently  gliding  like  a flash  from  among 
other  geckos  which  remain  undisturbed  at  the 
approach  of  danger.”  Another  difference  is 
that  the  Mourning  Gecko  is  more  commonly 
found  in  open,  non-forested  areas,  whereas  the 
Fox  Gecko  appears  to  be  primarily  an  inhabi- 
tant of  forested  regions. 

In  Snyder’s  first  quotation  above  the  gre- 
garious nature  of  this  gecko  is  pointed  out. 
As  many  as  20  individuals  have  been  found 
under  a single  large  strip  of  bark  on  the  trunk 
of  an  Algaroba  tree  at  Puuloa  Point  on  Oahu. 
Like  most  other  geckos,  this  species  is  pri- 
marily noctural,  although  individuals  may  be 
seen  at  all  hours  of  the  day  — even  basking  in 
the  sun  (La  Rivers,  1948).  In  the  upper  Manoa 
valley  these  lizards  were  commonly  seen  at 
night  on  or  near  window  screens  and  on  the 
exteriors  of  buildings,  often  congregated  in 
the  vicinity  of  lights  to  which  insects  were 
attracted.  At  Puuloa  Point  they  were  abundant 
on  the  trunks  of  the  Algaroba  trees,  foraging 
for  food.  During  a considerable  amount  of 
night  collecting  “eyeshine”  was  only  observed 
twice  in  this  species,  the  eye  being  a brilliant 
reddish-orange. 

This  gecko  is  one  of  the  noisy  species,  often 
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being  heard  “chirping”  at  night,  especially  near 
lighted  areas.  Several  Mourning  Geckos  were 
kept  together  in  a gallon  jar  at  Pearl  Harbor. 
There  was  a considerable  amount  of  “chirp- 
ing” back  and  forth  among  them,  and  one, 
perched  high  on  the  sides  of  the  jar  and  about 
three  inches  from  another,  “chirped”  at  the 
other  several  times.  Then  it  made  a quick  dash, 
biting  its  neighbor  on  the  side  of  the  body  and 
emitting  a prolonged  “chirp”  at  the  moment 
of  contact. 

As  is  true  of  virtually  all  geckos,  the  normal 
complement  of  eggs  per  female  is  two.  In  this 
species  the  egg  shell  is  soft,  pliable  and  moist 
when  first  laid,  becoming  hard  and  dry  after 
a short  exposure  to  the  air.  The  eggs  adhere 
to  any  object  with  which  they  are  in  contact 
when  first  laid  and  retain  any  indentations 
made  while  pliable.  Thus  the  typical  clutch  of 
two  is  usually  found  closely  adhering  to  one 
another  and  to  the  surface  on  which  they  are 
laid,  being  conspicuously  flattened  along  the 
adhering  surfaces. 

On  October  1,  1944,  a large  female  was 
collected  at  Pearl  Harbor,  apparently  in  the 
process  of  depositing  her  eggs  in  a small  open- 
ing in  a Banyan  tree  limb.  The  opening  already 
contained  two  adhering  eggs  in  one  corner  and 
a single  egg  to  one  side  of  these.  The  single 
egg  appeared  to  have  been  freshly  laid  and 
may  have  been  deposited  by  the  female  col- 
lected. At  the  time  of  collection  the  female  had 
the  posterior  half  of  her  body  in  this  cavity 
and  only  one  egg  was  found  in  her  body.  On 
October  10,  1944,  the  female  was  killed  and 
the  single  egg  was  squeezed  out  through  the 
cloaca.  When  first  exposed  the  shell  was  soft, 
pliable  and  moist.  It  had  become  dry  and  firm 
but  not  completely  hardened  in  30  minutes.  In 
testing  the  pliability  a slight  rupture  was  made, 
so  that  the  egg  was  then  opened.  It  contained 
a small  embryo  with  distinct  eye  spots  and 
slowly  beating  heart.  It  is  possible  that  this 
development  was  the  result  of  delayed  ovi- 
position,  or  it  may  indicate  retention  of  eggs 
until  embryonic  development  is  well  advanced, 
as  has  been  reported  in  some  lizards  (Kauffeld, 
1943). 

The  eggs  are  laid  in  a variety  of  situations 
that  provide  primarily  an  absence  of  direct 
sunlight:  under  logs,  boards  and  rocks;  in 
crevices;  in,  under  and  on  the  fronds  or  bases 
of  large  leaves;  on  protected  portions  of  trees, 
buildings  and  fences;  in  unused  key  holes  and 
door  locks;  on  the  underside  of  vehicles  and 
boats,  in  lumber  and  rock  piles;  and  even  on 
infrequently  used  clothing  stored  in  dark 
closets.  Although  the  eggs  are  usually  laid  in 
a situation  protected  from  the  sun,  Cagle 


(1946-a)  found  four  eggs  deposited  on  a leaf 
in  such  a position  that  they  were  exposed  to 
the  direct  rays  of  the  sun  throughout  most  of 
the  day.  Such  exposed  eggs  are  doubtless  killed 
by  the  resulting  high  temperatures. 

Snyder  reports  the  size  of  the  eggs  to  vary 
from  6.2  to  6.8  by  8.8  to  9.2  mm.  The  period 
of  incubation  varies  according  to  the  tempera- 
ture and  the  length  of  time  that  the  eggs  are 
carried  by  the  female  before  being  laid.  A 
captive  female  laid  one  egg  in  a glass  jar  on 
January  31,  1945.  The  egg  and  jar  were  placed 
in  a dark  closet  and  left  until  May  3,  92  days 
later,  when  the  egg  was  opened  for  examina- 
tion. It  was  found  to  contain  a live,  almost 
completely  developed  embryo  and  only  a 
small  amount  of  yolk.  This  incubation  period 
seems  unusually  long,  probably  because  of  a 
lower  temperature  prevailing  in  the  closet  than 
in  the  outdoor  situation.  An  incubation  period 
between  one  and  two  months  would  seem  to 
be  more  common. 

The  newly  hatched  young  are  reported  to 
have  a total  length  of  31  to  38  mm  (Snyder). 
They  also  are  said  to  be  more  diurnal  than 
the  adults,  often  being  seen  abroad  when  the 
adults  are  secluded.  In  the  Hawaiian  Islands 
this  gecko  breeds  throughout  the  year  and 
there  seems  to  be  no  definite  peak  in  mating 
activity. 

Examination  of  the  stomach  contents  of 
preserved  specimens  disclosed  cockroaches, 
moths,  mosquitos  and  ants.  Observations  on 
these  geckos  feeding  at  night  near  lighted 
window  screens  show  that  they  may  catch  their 
prey  in  one  of  two  ways.  Sometimes  the  in- 
sects, principally  moths,  were  stalked  across 
the  screens,  with  the  geckos  approaching  cau- 
tiously to  within  a short  distance  and  then 
making  a short  dash  to  grab  the  prey.  More 
often  the  geckos  remained  concealed  from 
view  just  off  the  lighted  screen  surface,  waiting 
for  an  insect  to  approach  within  easy  reach 
and  then  dashing  into  the  lighted  area  to  grab 
the  insect  and  quickly  return  to  the  darkness. 
One  individual  was  observed  to  capture  food 
by  drawing  the  body  into  a somewhat  S-shaped 
position  from  which  it  made  sudden  thrusts 
or  “strikes”  at  insects  that  approached  within 
range.  There  was  no  apparent  forward  leap, 
but  rather  a quick  forceful  straightening  of  the 
gecko’s  body.  La  Rivers  (op.  cit.)  tabulated  35 
species  of  arthropods  that  he  found  in  the 
stomachs  of  38  Mourning  Geckos.  Cock- 
roaches of  several  species  and  a number  of 
different  beetles  were  the  most  frequently- 
encountered  insects  in  these  stomach  contents. 
He  also  recorded  a number  of  field  observa- 
tions on  the  feeding  habits  of  this  gecko,  and 
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was  particularly  impressed  with  its  visual 
acuity  under  “minute  quantities  of  light  too 
faint  to  stimulate  strictly  diurnal  retinas.” 

La  Rivers  reported  that  this  gecko,  together 
with  several  of  the  other  lizards,  comprises  an 
important  part  of  the  diet  of  the  introduced 
Mongoose  ( Herpestes  a.  auropunctatus) . He 
also  found  Mourning  Geckos  preyed  upon  by 
the  American  Bullfrog  ( Rana  catesbeiana) , a 
Praying  Mantis  ( Tenodera  angustipennis)  and 
a spider  ( Metargiope  trifasciata) . 

The  Mourning  Gecko  has  been  collected 
on  Hawaii,  Kauai,  Maui,  Molokai  and  Oahu. 

Hemiphyllodactylus  typus  typus  Bleeker 
Tree  Gecko 

Hemiphyllodactylus  leucostictus,  Stejneger, 
1899,  Proc.  U.  S.  Nat.  Mus.,  vol  21, 
p.  800,  (type  locality:  Kauai,  Hawaiian 
Islands) . 

Lepidodactylus  crepuscularis,  Perkins,  1903, 
Fauna  Hawaiiensis,  vol.  1,  pt.  IV,  p.  367. 
Hemiphyllodactylus  typus,  Brongersma,  1932, 
Zool.  Med.  Rijks.  Mus.  Nat.  Hist.  Leiden, 
vol.  14,  p.  6. 

Hemiphyllodactylus  typus  typus.  Smith,  1935, 
Fauna  of  British  India,  Reptilia  and  Am- 
phibia, vol.  2,  p.  107. 

This  is  the  least  commonly  observed  gecko 
of  the  Hawaiian  Islands.  It  is  of  moderate  size, 
being  smaller  than  the  Fox  Gecko  but  larger 
than  the  Mourning  Gecko.  It  has  been  reputed 
to  reach  a length  of  four  and  three-quarters 
inches,  with  the  tail  comprising  half  of  this 
length  (head-body  length  60  mm;  tail  length 
60  mm).  This  species  appears  to  be  entirely 
arboreal  and  nocturnal  in  habits.  Specimens 
were  collected  in  the  drier,  coastal  regions,  as 
well  as  in  more  humid  sections  at  the  foot 
of  the  mountains.  In  contrast  to  the  other 
geckos,  the  Tree  Gecko  appears  to  avoid  build- 
ings, fences  and  other  man-made  habitats.  A 
number  of  these  geckos  were  collected  on 
Oahu.  They  were  found  under  the  bases  of 
coconut  palm  fronds,  under  the  bark  and  in 
small  holes  on  Algaroba  trees,  and  at  night 
on  vines.  At  Barber’s  Point  many  were  found 
during  the  day  by  stripping  the  bark  from  the 
horizontal  limbs  of  fallen  trees.  Despite  the  fact 
that  numerous  individuals  were  seen,  only  a 
few  were  collected  because  of  their  quick 
escape  reaction.  As  soon  as  the  bark  was 
lifted,  the  geckos  would  quickly  run  from 
under  the  bark  and  jump  from  the  limb,  a 
height  of  four  feet  from  the  ground. 

The  tendency  of  this  gecko  to  avoid  the 
man-made  habitats  and  its  quick  escape  reac- 
tion are  largely  responsible  for  its  poor  repre- 


sentation in  collections  from  the  Hawaiian 
Islands.  Of  the  239  geckos  that  were  collected 
on  Oahu,  only  14  belong  to  this  species. 
Stejneger  (1899)  had  69  geckos  from  the 
Hawaiian  Islands  and  only  7 belonged  to  this 
species. 

One  of  the  Tree  Geckos  kept  in  a glass  jar 
with  several  other  geckos  would  “chirp”  several 
times  at  a Mourning  Gecko  and  then  stealthily 
crawl  towards  it,  nipping  it  a couple  of  times 
along  the  side  of  the  body  until  it  was  driven 
to  another  part  of  the  jar.  This  was  repeated 
on  several  occasions. 

The  eggs  of  this  species  are  smaller  and 
more  yellowish  in  color  than  the  eggs  of  the 
other  geckos  found  in  the  islands.  Snyder  (op. 
cit.)  gives  their  size  as  5.7  to  6.6  mm.  They 
are  usually  laid  in  clusters  of  two,  adhering 
to  one  another  but  not  always  adhering  to  the 
surface  on  which  they  were  deposited.  On 
Oahu  eggs  were  found  in  holes  in  the  trunks 
of  trees,  between  the  frond  bases  and  trunks 
of  coconut  palms,  under  strips  of  bark  and 
also  in  the  fractured  stubs  of  large  branches. 

Snyder  reports  the  newly  hatched  young  as 
measuring  29  mm  in  total  length  and  15.5  mm 
head-body  length. 

Stomachs  of  adults  examined  from  Oahu 
contained  numerous  small  snail  shells,  cock- 
roaches and  flies. 

Stejneger  (op.  cit.)  proposed  the  name 
Hemiphyllodactylus  leucostictus  for  Hawaiian 
specimens  of  this  gecko  on  the  basis  of  a 
number  of  slight  variations  from  the  char- 
acters present  in  H.  typus.  Perkins  (1903) 
referred  H.  leucostictus  Stejneger  to  the 
synonymy  of  Lepidodactylus  crepuscularis 
Bavay.  Brongersma  (1932)  made  a detailed 
study  of  the  geckos  placed  in  the  genus 
Hemiphyllodactylus  and  concluded  that  Stej- 
neger’s  Hawaiian  species,  as  well  as  the  Pacific 
populations  that  had  been  referred  to  as 
Lepidodactylus  crepuscularis,  should  be  placed 
in  the  synonymy  of  Hemiphyllodactylus  typus. 
We  concur  with  his  conclusions  for  this  taxo- 
nomic assignment.  Malcolm  Smith  (1935)  has 
placed  the  Indian  H.  aurantiacus  as  a sub- 
species of  H.  typus,  necessitating  the  use  of  a 
trinomial  designation  for  the  typical  race. 

In  the  Hawaiian  Islands  this  gecko  has  been 
collected  on  Hawaii,  Kauai  and  Oahu. 

Gehyra  mutilata  (Wiegmann) 
Stump-toed  Gecko 

Dactyloperus  insulensis,  Girard,  1 857,  Proc. 

Acad.  Nat.  Sci.,  Phila.,  p.  197  (type  locality: 

Sandwich  Islands). 

Peropus  mutilatus,  Stejneger,  1899,  Proc.  U.  S. 

Nat.  Mus.,  vol.  21,  p.  796. 
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Gehyra  mutilata,  Smith,  1933,  Records  Indian 

Museum,  vol.  35,  pt.  1,  p.  9. 

The  Stump-toed  Gecko  possesses  a pro- 
nounced ability  to  assume  coloration  in  har- 
mony with  that  of  its  background.  At  Puuloa 
Point  many  of  these  lizards  were  observed  at 
night  on  the  light  yellowish  hardwood  of  the 
Algaroba  trees  from  which  the  bark  had  been 
removed.  These  lizards  were  so  pale  in  color 
as  to  appear  to  be  albinos  except  for  their 
large  dark  eyes.  When  resting  on  a dark  sur- 
face, such  as  bark,  a similarly  pronounced 
harmony  existed  between  the  dark  dorsal  col- 
oration of  the  lizard  and  that  of  the  bark.  This 
color  varying  ability  made  the  lizards  extremely 
difficult  to  see  unless  they  moved.  Specimens 
taken  at  night  were  on  tree  trunks,  the  outer 
walls  of  buildings  and  on  sign  boards.  During 
the  day  they  were  found  beneath  rocks,  under 
the  frond  bases  of  coconut  palms  and  under 
strips  of  bark  on  Algaroba  trees.  From  our 
observations  this  gecko  seems  to  be  equally  at 
home  in  trees,  on  wooden  structures,  or  on  the 
ground  in  rocky  areas.  On  Oahu  it  was  taken 
with  similar  frequency  in  the  lower,  drier  sec- 
tions and  in  the  higher,  wetter  parts  of  the 
island. 

These  geckos  are  essentially  nocturnal  in 
their  activities  and  were  collected  in  greater 
numbers  at  night  than  during  the  day.  No 
active  or  exposed  individuals  were  observed 
in  the  daytime. 

The  eggs  are  white  in  color  and  similar  in 
shape  to  those  of  the  Mourning  Gecko, 
but  are  slightly  larger  in  size.  The  two  eggs 
that  comprise  the  normal  complement  are  usu- 
ally found  adhering  to  each  other  and  usually 
flattened  at  the  side  of  contact.  Eggs  of  this 
species  were  found  beneath  the  frond  bases 
of  coconut  palms  and  in  depressions  or  holes 
in  rocks  in  the  ground. 

Stomach  contents  of  several  individuals  in- 
cluded beetles  and  moths. 

Henshaw  (1902)  reports  that  this  gecko  is 
included  in  the  prey  of  the  Hawaiian  Short- 
eared Owl  ( Asio  flammeus  sandwichensis) . 

Much  difference  of  opinion  has  existed  as 
to  the  correct  scientific  name  to  use  for  this 
gecko.  We  follow  Smith  (1933)  in  using  the 
generic  name  Gehyra  Gray,  1834,  instead  of 
Peropus  Wiegmann,  1835. 

Stejneger  (1899),  having  access  to  one  of 
Girard’s  types,  has  shown  that  Dactyloperus 
insulensis  Girard,  which  was  described  from 
the  Hawaiian  Islands,  is  identical  with  Gehyra 
mutilata  (Wiegmann). 

Definite  locality  records  for  this  species  in 
the  Hawaiian  Islands  include  Hawaii,  Kauai, 
Kahoolawe,  Maui,  Molokai  and  Oahu. 


Hemidactylus  garnoti  Dumeril  & Bibron 
Fox  Gecko 


Doryura  vulpecula  Girard,  1857,  Proc.  Acad. 
Nat.  Sci.,  Phila.,  p.  197,  (type  locality:  “Sand- 
wich Island”). 

Hemidactylus  garnotii,  Stejneger,  1899,  Proc. 

U.  S.  Nat.  Mus.,  vol.  21,  p.  792. 
Lepidodactylus  garnotii,  Henshaw,  1902,  Birds 
of  the  Hawaiian  Islands,  p.  80. 

This  is  the  largest  and  most  brightly  colored 
gecko  to  be  found  in  the  Hawaiian  Islands. 
Adults  may  attain  a total  length  of  more  than 
five  and  one-quarter  inches,  of  which  length 
the  tail  comprises  slightly  more  than  half 
(head-body  length  65  mm  and  tail  length  70 
mm).  Marked  variation  occurs  in  the  number 
of  specimens  collected  on  the  different  islands 
and  even  from  one  locality  to  another  on  the 
same  island. 

Whether  there  is  seasonal  variation  in  the 
activities  or  abundance  of  the  species  we  can- 
not say.  On  most  islands,  either  the  Fox  or  the 
Mourning  Gecko  is  seen  in  much  greater  num- 
bers than  the  other  geckos.  In  the  collection  of 
239  geckos  from  Oahu  only  20%  were  Fox 
Geckos.  Among  the  42  geckos  present  in 
Fisher’s  Oahu  material  this  species  represents 
a similar  percentage;  in  contrast,  13  of  the  14 
geckos  collected  by  Fisher  on  Niihau  were 
Fox  Geckos.  In  upper  Manoa  valley  on  Oahu, 
Shaw  found  no  Fox  Geckos,  but  the  Mourning 
Gecko  was  very  common.  In  contrast,  at 
Barber’s  Point,  Fox  and  Stump-toed  Geckos 
were  equally  common,  but  only  a single  Mourn- 
ing Gecko  was  found. 

The  Fox  Gecko  appears  to  be  more  solitary 
in  its  habits  than  the  highly  gregarious  Mourn- 
ing Gecko,  although  several  individuals  may 
be  found  in  small  circumscribed  areas  where 
food  and  shelter  are  abundant,  and  a number 
of  females  may  deposit  their  eggs  in  the  same 
place.  This  species  is  found  in  more  or  less 
forested  areas  throughout  the  islands  and  seems 
to  be  equally  abundant  in  the  drier  coastal 
regions  and  higher  elevations  of  more  abun- 
dant rainfall.  It  is  normally  most  active  at 
night  when  it  may  be  found  foraging  for  food 
on  the  trunks  of  trees,  on  the  sides  of  build- 
ings and  on  fences  or  walls.  On  Oahu  a great 
many  individuals  were  observed  at  night  on 
the  trunks  of  the  Algaroba  trees  at  Puuloa 
Point.  A remarkable  ability  of  these  geckos 
to  match  the  general  color  of  their  background 
was  noted. 

La  Rivers  (1948)  reported  that  this  species 
may  be  found  sunning  itself  at  all  hours  of 
the  day  and  that  it  was  seen  feeding  during 
the  daytime  on  several  occasions.  The  diurnal 
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activity  observed  by  La  Rivers  appears  to  be 
unusual.  It  usually  remains  concealed  during 
the  day  in  deep  crevices  and  other  secluded 
situations.  The  eggs  are  laid  under  large  slabs 
of  rock,  beneath  loose  bark  on  the  trunks  of 
trees,  or  in  crevices  in  trees.  There  are  typically 
two  eggs  per  clutch.  The  eggs  are  white  in 
color,  nearly  spherical,  with  a firm  and  brittle 
shell.  These  eggs  differ  from  those  of  all  other 
Hawaiian  geckos  in  possessing  a non-adhesive 
shell,  thus  the  eggs  when  laid  do  not  stick 
together  and  do  not  adhere  to  the  surface  on 
which  they  are  laid.  Snyder  (1917)  states  that 
“Four  or  five  may  occasionally  be  found  in  the 
same  place,”  and  McGregor  (1904)  reported 
finding  eight  eggs  in  one  location.  These  were 
laid  by  more  than  one  female.  The  same 
workers  reported  that  eggs  of  Hawaiian  indi- 
viduals average  10  X 11  mm  in  width  and 
length.  Cagle  (1946-a),  studying  the  same  spe- 
cies on  Tinian,  reported  that  63  eggs  averaged 
7 X 12  mm. 

The  only  detailed  information  available  on 
the  length  of  incubation  is  provided  by  the 
studies  of  Cagle.  On  Tinian  he  collected  254 
eggs  of  the  Fox  Gecko.  The  maximum  length 
of  time  required  for  hatching  was  45  days  in 
ten  instances.  McGregor  recorded  that  seven 
eggs  collected  December  27  hatched  the  fol- 
lowing January  13.  Snyder  stated  that  the 
newly  hatched  young  observed  on  the  Hawaiian 
Islands  varied  considerbly  in  size;  individuals 
ten  hours  old  exhibited  total  lengths  of  39.5  to 
56  mm.  In  the  Tinian  population  Cagle  con- 
sidered individuals  with  head-body  lengths  of 
29-35  mm  as  hatchlings.  He  found  that  the 
minimum  size  of  sexually  mature  females  was 
42  mm  head-body  length  and  43  mm  head- 
body  length  in  the  males. 

Comparison  of  Snyder’s  data  on  the  eggs 
and  young  of  Hawaiian  individuals  with  the 
observations  of  Cagle  for  Tinian  geckos  sug- 
gests a difference  in  both  size  of  eggs  and  size 
of  young  at  hatching.  However,  the  difference 
is  somewhat  paradoxical  in  that  the  Hawaiian 
lizards  appear  to  lay  larger  eggs  but  the  young 
are  smaller  at  hatching.  These  differences  could 
be  attributable  to  a difference  in  making 
measurements  but  this  would  not  appear  to  be 
adequate  to  account  for  the  differences  noted. 
Furthermore,  Stejneger  (1899)  supported 
Snyder’s  observations  on  the  smaller  size  of 
the  hatchling  Hawaiian  geckos.  He  reported  a 
young  specimen  with  a snout-vent  length  of 
22  mm.  We  have  examined  three  recently 
hatched  young  from  Kauai  that  measured 
23.5-24.8  mm  in  head-body  length,  with  total 
lengths  of  47-48  mm.  These  measurements  are 
far  below  the  minimum  reported  by  Cagle, 


viz.  29  mm,  and  agree  with  Snyder’s  observa- 
tions. It  would  be  of  interest  to  compare  a 
large  series  of  adults  from  the  two  island 
groups  to  determine  whether  or  not  there  are 
statistical  differences  between  the  adults.  Cagle 
presented  interesting  observations  on  the  rate 
of  growth  of  these  lizards  on  Tinian.  He  calcu- 
lated that  sexual  maturity  is  attained  in  the 
surprisingly  short  period  of  30-40  days.  An 
egg  was  taken  at  Barber’s  Point  and  hatched 
(or  ruptured?)  when  it  was  picked  up.  The 
young  lizard  emerged  wet  and  glistening  from 
the  egg  material,  was  dried  quickly,  and  began 
to  shed  its  skin  about  five  minutes  after  it 
had  hatched. 

Cagle  found  that  the  Fox  Geckos  on  Tinian 
tended  to  remain  within  a small  area  and  did 
not  move  around  freely.  La  Rivers  observed  a 
male  individual  on  Oahu  for  more  than  three 
months,  during  which  time  it  remained  in  the 
vicinity  of  a pile  of  old  railroad  ties.  Both 
Cagle  and  La  Rivers  found  that  the  food  of 
these  geckos  consisted  mainly  of  insects  and 
small  invertebrates.  Stomach  contents  of  several 
specimens  studied  by  us  consisted  of  beetles, 
cockroaches  and  moths.  At  Puuloa  Point  a 
specimen  was  observed  at  night  eating  numer- 
ous small  beetles  that  were  crawling  on  the 
bark  of  an  Algaroba  tree.  La  Rivers  tabulated 
32  species  of  arthropods  identified  in  the 
stomach  contents  of  27  Fox  Geckos.  The  most 
frequently  encountered  insects  were  several 
species  of  beetles  and  various  cockroaches.  He 
went  on  to  say  that  he  “never  saw  the  animal 
(Fox  Gecko)  discard  a roach  because  of  size, 
although  some  nearly  adult  Periplaneta  amer- 
icana  (American  Cockroach)  seemed  wider 
than  its  head.”  From  these  observations  it 
appears  that  this  species,  like  the  other  geckos, 
is  an  important  predator  of  the  different  species 
of  cockroaches  occurring  in  these  islands. 

An  adult  Fox  Gecko  was  found  to  be  host 
to  numerous  small,  dark  mites  that  were  ap- 
parently restricted  to  the  region  about  the 
base  of  the  tail.  This  lizard  was  placed  in  a 
jar  containing  a Stump-toed  Gecko  and  the 
mites  soon  spread  to  the  latter,  where  they 
were  observed  on  the  body  in  addition  to  the 
base  of  the  tail  where  most  appeared  to  settle. 
Several  days  later  the  Stump-toed  Gecko  had 
dropped  its  tail  near  the  base,  possibly  because 
of  the  abundant  infestation  of  the  mites. 

A number  of  animals  prey  upon  this  lizard. 
Henshaw  (1902)  recorded  the  Fox  Gecko 
from  the  crop  of  an  Hawaiian  Short-eared  Owl 
( Asio  flammeus  sandwichensis) . La  Rivers 
considered  the  Mongoose  ( Herpestes  a.  auro- 
punctatus),  the  House  Cat  ( Felis  catus),  and 
the  Mynah  ( Acridotheres  tristis)  to  be  im- 
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portant  predators  of  the  Fox  Gecko.  This 
author  recorded  an  interesting  instance  in 
which  a six-inch  centipede  ( Scolopendra  sub- 
spinipes ) killed  a half-grown  Fox  Gecko.  The 
centipede’s  poison  paralyzed  and  killed  the 
gecko  in  but  a few  minutes. 

The  types  of  Girard’s  Doryura  vulpecula 
are  no  longer  extant,  but  Stejneger  (1899) 
has  presented  ample  reasons  for  placing  it  in 
the  synonymy  of  Hemidactylus  garnoti  Dumeril 
& Bibron. 

At  present  this  gecko  is  known  from  Hawaii, 
Kauai,  Maui,  Molokai,  Niihau  and  Oahu.  It  is 
undoubtedly  present  on  many  of  the  other 
islands  as  well. 

Family  Iguamidae  — Iguanids 
Anolis  carolinensis  porcatus  Gray 
Cuban  Anole;  “Chameleon” 

Anolis  carolinensis  porcatus,  Shaw  & Breese, 

1951,  Herpetologica,  vol.  7,  p.  68. 

This  interesting  arboreal  species  is  the  only 
neotropical  lizard  now  known  to  be  established 
in  the  Hawaiian  Islands.  It  has  the  further 
distinction  of  apparently  being  the  most  re- 
cently introduced  terrestrial  reptile.  Shaw  & 
Breese  (1951)  reported  the  presence  of  the 
Cuban  Anole  in  the  Kaimuki  district  of  Hono- 
lulu, the  only  locality  from  which  it  has  been 
observed.  In  1950  Mr.  Paul  Breese,  the  dis- 
coverer of  this  latest  addition  to  the  Hawaiian 
fauna,  carefully  investigated  the  size  of  the 
area  in  which  it  was  known  to  occur.  At  that 
time  the  colony  appeared  to  be  confined  to  an 
area  some  900  feet  in  length  in  a thickly  settled 
section.  However,  abundant  shelter  and  basking 
sites  were  afforded  by  thick  ornamental  shrub- 
bery, trees,  orchid  houses,  chicken  coops, 
lumber  piles  and  old  fences.  Breese  reported 
that  one  resident  stated  that  three  of  these 
lizards  had  been  living  in  her  orchid  house  for 
two  or  more  years.  The  woman  welcomed  the 
new  lizards  because  “there  were  white  bugs 
in  my  orchids  when  I got  them  and  the  lizards 
ate  them  off.” 

That  the  Cuban  Anole  is  established  in  a re- 
producing colony  is  clearly  shown  by  Breese’s 
finding  eight  recently  hatched  young  on  a sub- 
sequent visit  to  the  locality.  One  adult  female 
laid  three  eggs  shortly  after  being  collected. 

At  the  time  that  this  species  was  first  re- 
ported in  the  Hawaiian  Islands  (Shaw  & Breese, 
loc.  cit.),  it  was  stated  that  these  lizards  were 
Anolis  carolinensis  porcatus,  “although  some- 
what atypical.”  This  comment  was  called  forth 
by  the  fact  that,  while  agreeing  in  most  details 
of  scutellation  with  Cuban  specimens  of  por- 


catus, the  first  three  males  collected  in  Hono- 
lulu by  Breese  showed  an  unusual  amount  of 
variation  in  dewlap  color.  Using  the  color 
terms  of  Ridgway  (1912),  the  dewlaps  of  the 
males  were  Scarlet,  Phlox  Pink  and  Varley’s 
Gray,  respectively,  with  the  latter  having  some 
portions  a Bluish  Gray-Green.  Such  variation 
is  exceptional  in  populations  of  Anolis,  where 
dewlap  color  has  been  employed  frequently  as 
a diagnostic  character. 

Since  the  approximate  date  of  the  introduc- 
tion of  this  lizard  on  Oahu  is  fairly  certain,  it 
will  be  of  interest  to  note  carefully  the  fate  of 
the  colony  and  to  follow  any  expansion  that 
may  take  place.  Because  of  the  wide  sale  of 
Anolis  in  the  pet  trade,  additional  introduc- 
tions in  other  parts  of  the  islands  may  be  ex- 
pected. 

Family  Scincidae  — Skinks 

Ablepharus  boutoni  poecilopleurus 
(Wiegmann) 

Snake-eyed  Skink 

Cryptoblepharus  plagiocephalus,  Girard,  1858, 
U.  S.  Expl.  Exp.,  Herpet.,  p.  220 
Ablepharus  boutonii  poecilopleurus,  Stejneger, 
1899,  Proc.  U.  S.  Nat.  Mus.,  vol.  21:  p.  811. 
Cryptoblepharus  boutonii  poecilopleurus,  Burt 
& Burt,  1932,  Bull.  Amer.  Mus.  Nat.  Hist., 
vol.  LXI1I,  art.  V:  p.  512. 

The  Snake-eyed  Skink  is  found  on  most  of 
the  larger  islands  of  the  Hawaiian  group.  On 
Oahu,  it  is  one  of  the  least  commonly  observed 
skinks,  being  apparently  restricted  to  the  drier 
habitats  of  the  lowlands,  but  it  is  more  fre- 
quently reported  from  some  of  the  other  is- 
lands. Among  57  skinks  collected  on  Oahu, 
one  belonged  to  this  species.  In  contrast  to 
these  figures,  in  a collection  of  twenty  liz- 
ards from  Niihau,  one-fourth  were  Snake-eyed 
Skinks.  Their  apparent  abundance  is  correlated 
with  habitat,  being  common  in  drier  situations. 
Stejneger  (1899),  quoting  a Mr.  Knudsen,  re- 
ported this  lizard  as  exceedingly  abundant  on 
Kauai:  “The  skinks  are  as  common  as  leaves 
on  a tree;  go  along  a cliff  and  you  can  see  them 
all  over  it.  But  catch  one!  That  is  a difficult 
thing,  for  they  are  as  quick  as  a flash  of  light 
and  do  not  go  far  from  a hole  or  crack  in  the 
rocks,  out  of  which  nobody  can  get  them.  I 
have  had  six  smart  men  with  me  for  three  days 
promising  them  a dollar  apiece,  and  all  I can 
send  is  one  glossy,  smoothly  greenish  thing 
with  tiny  spots.”  McGregor  (1904)  also  re- 
ported this  lizard  to  be  abundant  in  the  low- 
lands on  Maui,  being  found  in  the  sand  hills 
a little  way  back  from  the  beach.  He  reported 
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that  it  is  never  seen  near  the  other  species  of 
skinks  known  from  the  islands.  Fisher  (1948) 
found  that  the  Snake-eyed  Skink  occurred  up 
to  an  elevation  of  3,200  feet  in  the  Kau  Desert 
on  Hawaii. 

This  species  is  moderate  in  size  compared 
to  the  other  skinks  of  the  Hawaiian  Islands, 
attaining  a length  of  four  and  a half  inches 
(head-body  length,  50  mm;  tail  length,  63  mm). 

Because  this  lizard  is  poorly  known  from 
the  larger  islands,  we  can  report  little  about  its 
life  history  in  the  Hawaiian  archipelago.  Mc- 
Gregor ( supra  cit.)  reported  that  large  quan- 
tities of  eggs  were  found  deposited  in  damp 
earth.  One  lot  consisted  of  more  than  70  eggs 
in  all  stages  of  development.  He  stated  that  the 
shell  is  dull,  dirty  white,  soft  and  leathery.  In 
shape  the  eggs  resemble  those  of  humming- 
birds, but  are  much  rounder.  They  vary  from 
6X18  mm  to  8 X 22  mm  in  size. 

A considerable  amount  of  variation  occurs  in 
the  dorsal  head  shields  of  this  lizard.  McGregor, 
Stejneger  and  others  have  reported  on  this  con- 
dition, pointing  out  that  the  variation  does  not 
appear  to  warrant  nomenclatorial  separation 
of  the  population.  Also,  there  seems  little  justi- 
fication for  the  separation  of  the  genus  Crypto- 
blepharus  from  Ablepharus. 

The  Snake-eyed  Skink  is  known  from  Ha- 
waii, Kauai,  Maui,  Molokai,  Niihau  and  Oahu. 

Emoia  cyanura  (Lesson) 
Azure-tailed  Skink 

Emoia  cyanura,  Stejneger,  1899,  Proc.  U.  S. 

Nat.  Mus.,  vol.  21:  p.  807. 

Emoia  cyanurum  var  schauinslandi  Werner, 
1901,  Zool.  Jahrb.,  vol.  14,  p.  380,  (type 
locality:  Molokai,  Hawaiian  Islands). 

Dr.  Walter  C.  Brown  has  revised  the  genus 
Emoia,  but  the  complete  results  of  his  studies 
have  not  yet  been  published.  He  has  advised 
us  (in  litt.)  that  the  designation  for  the  Ha- 
waiian lizards  will  remain  unchanged. 

This  is  one  of  the  most  handsomely  marked 
lizards  of  the  Hawaiian  Islands,  with  a broad 
light  stripe  on  the  back  and  a bluish-tinted 
tail.  Some  specimens  exhibit  a melanistic  ten- 
dency, becoming  quite  dark  in  color.  Such  a 
specimen  from  Molokai  formed  the  basis  for 
Werner’s  form,  schauinslandi,  but  these  mel- 
anistic individuals  appear  to  constitute  a com- 
mon variant  of  the  species.  In  addition  to  these 
variations  in  adults,  there  is  a considerable 
amount  of  ontogenetic  variation  to  be  noted, 
as  pointed  out  by  Stejneger  (1899),  with  more 
contrast  in  color  patterns  to  be  found  in  young 
individuals.  Snyder  (1917)  suggested  that  much 
of  this  variation  in  coloration  is  correlated  with 


habitat,  the  darker  variants  coming  from  the 
moist,  higher,  altitudes. 

The  Azure-tailed  Skink  occurs  in  both  the 
dry  lowlands  and  at  moist,  wooded  higher  ele- 
vations above  1,000  feet.  La  Rivers  (1948) 
found  this  lizard  “an  associate  of  the  Fox 
gecko  in  this  area  and  while  not  uncommon, 
was  seldom  seen  because  of  its  secretive  hab- 
its.” It  is  the  largest  skink  occurring  in  the 
Hawaiian  Islands,  attaining  a maximum  length 
of  more  than  five  inches  (head-body  length, 
43  mm,  tail  83  mm). 

Baker  (1947)),  in  his  report  on  the  lizards 
of  the  New  Hebrides,  presented  a great  deal 
of  interesting  data  on  the  life  history  of  this 
lizard.  At  this  locality  in  the  southern  hemis- 
phere (15°  15'  S.),  he  found  that  reproduction 
occurred  throughout  the  year  but  had  a peak 
in  November  and  December  during  the  period 
of  maximum  daylight.  The  minimum  amount 
of  reproduction  occurred  in  May  and  June, 
during  the  period  of  minimum  daylight.  Four 
times  as  many  females  were  gravid  during  the 
maximum  period  as  in  the  minimal.  It  would 
be  of  interest  to  compare  this  variation  in  rate 
of  reproduction  with  that  of  the  species  in  the 
Hawaiian  Islands  which  are  in  the  northern 
hemisphere  and  at  a greater  distance  from  the 
Equator. 

La  Rivers  found  remains  of  this  skink  in 
the  stomach  contents  of  the  Mongoose  ( Her - 
pestes  a.  auropunctatus ) and  the  Mynah  ( Ac - 
ridotheres  tristis) . 

This  lizard  has  been  reported  from  Hawaii, 
Molokai  and  Oahu. 

Lygosoma  (Leiolopisma)  metallicum 
(O’Shaughnessy) 

Metallic  Skink 

Leiolopisma  hawaiiensis  Loveridge,  1939,  Proc. 
Biol.  Soc.  Wash.,  vol.  52,  pp.  1-2  (type 
locality:  near  Honolulu,  Oahu,  Hawaiian  Is- 
lands). 

Lygosoma  (Leiolopisma)  metallicum.  Brong- 
ersma,  1942,  Zool.  Mededeelingen,  vol. 
XXIV,  p.  143. 

This  species  appears  to  have  reached  the 
Hawaiian  Islands  sometime  after  the  beginning 
of  the  present  century,  at  about  the  time  that 
the  Moth  Skink  seems  to  have  decreased  in 
numbers.  The  earliest  definite  date  of  collection 
for  the  Metallic  Skink  in  these  islands  is  1917. 
However,  because  this  form  was  confused  with 
the  Moth  Skink,  it  was  not  until  1939  that  its 
presence  was  reported  in  print.  In  that  year, 
Loveridge  (1939)  described  Leiolopisma  ha- 
waiiensis as  a new  species  of  skink  distinct 
from  L.  noctua.  Brongersma  (1942),  unaware 
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of  Loveridge’s  paper  because  of  the  disturb- 
ances of  World  War  II,  recorded  L.  metallicum 
for  the  first  time  from  the  Hawaiian  Islands  on 
the  basis  of  a single  male  specimen. 

When  we  began  working  up  our  material  we 
had  not  yet  received  Brongersma’s  paper  re- 
cording this  species  from  the  island.  However, 
we  independently  reached  the  conclusion  that 
our  material  belonged  to  L.  metallicum.  Mr. 
Arthur  Loveridge  of  the  Museum  of  Compara- 
tive Zoology  kindly  lent  us  some  paratypic 
material  of  L.  hawaiiensis  for  comparison.  We 
concluded  that  the  two  were  the  same  and 
Mr.  Loveridge  later  confirmed  this  conclusion. 
Thus  L.  hawaiiensis  Loveridge  should  be  placed 
in  the  synonymy  of  L.  metallicum  (O’Shaugh- 
nessy). 

This  species  is  almost  as  long  as  the  Azure- 
tailed Skink,  attaining  a total  length  of  four 
and  three-quarter  inches  (head-body  length 
44  mm;  tail  75  mm).  It  derives  its  name  from 
the  bronze  metallic  sheen  of  the  dorsal  and 
lateral  surfaces  of  the  body. 

The  Metallic  Skink  is  known  in  the  Ha- 
waiian Islands  only  from  the  island  of  Oahu, 
where  it  is  locally  very  abundant.  For  example, 
near  the  mouth  of  Nuuanu  valley  large  num- 
bers of  this  lizard  were  seen  sunning  them- 
selves among  the  leaves  between  the  roots  of  a 
large  Banyan  tree.  A short  period  of  collecting 
here  yielded  44  specimens.  The  lizards  were 
not  shy  and  would  permit  an  approach  to  three 
or  four  feet  before  they  would  scurry  away  be- 
neath the  leaves.  Many  specimens  were  seen 
in  the  residential  areas  of  Honolulu  and  near 
the  head  of  Manoa  valley.  It  occurs  up  to  an 
elevation  of  1,500  feet. 

Unlike  its  congener,  L.  noctua,  the  Metallic 
Skink  lays  eggs.  Of  15  gravid  females,  seven 
possessed  four  eggs  per  female,  three  had  three 
eggs  each,  one  had  two  eggs  and  four  had  only 
one  egg  each.  The  four  females  recorded  as 
containing  only  one  egg  had  all  been  cut  open 
previously  and  may  have  lost  additional  eggs. 
Among  fifteen  adult  females  collected  on  April 
21,  1944,  twelve  contained  large  developing 
eggs,  while  three  contained  only  small  eggs  in 
the  ovaries.  The  smallest  female  with  eggs  had 
a head-body  length  of  38  mm.  In  a series  of 
56  adults  of  this  species,  39  are  males  and  17 
are  females.  Males  and  females  appear  to  have 
about  the  same  average  head-body  length: 
39.6  mm  for  the  males  and  39.8  mm  for  the 
females. 

A rather  high  number  of  Metallic  Skinks 
were  observed  with  injured  digits.  Among  the 
69  specimens  from  which  this  information  was 
recorded,  45%  have  one  or  more  injured  digits. 


This  is  a condition  similar  to  that  observed  in 
the  Moth  Skink.  Occasional  damaged  digits 
have  been  observed  in  other  lizards  in  the  is- 
lands, but  only  in  these  two  species  does  this 
condition  appear  in  such  a high  percentage  of 
specimens.  The  reason  for  this  is  not  known, 
but  in  the  Moth  Skink  on  Runit  Island,  crabs 
are  suspected  of  being  the  causal  agent. 

The  stomach  contents  of  several  specimens 
consisted  of  spiders,  small  cockroaches,  larval 
Lepidoptera  and  small  Hymenoptera. 

Mittleman  (1952)  places  this  species  in  the 
genus  Lampropholis  Fitzinger,  but  he  does  not 
include  the  Hawaiian  Islands  in  the  distribution 
of  the  genus.  Recognition  of  the  large  genus 
Lygosoma  with  its  various  subgenera,  approxi- 
mately as  outlined  by  Smith  (1937),  seems  to 
give  a satisfactory  grouping  of  the  species  and 
permits  the  nomenclatorial  indication  of  re- 
lationship. 

Unlike  the  other  skinks  known  to  occur  in 
the  Hawaiian  Islands,  the  Metallic  Skink  is 
not  widely  distributed  throughout  oceanic  is- 
lands of  the  western  Pacific.  It  is  a native  of 
Australia,  Tasmania,  the  Loyalty  Islands  and 
the  New  Hebrides  Islands.  It  probably  was 
brought  in  to  the  islands  unintentionally  with 
plant  material  or  wood  from  Australia.  Be- 
cause of  its  great  abundance  on  Oahu,  it  would 
seem  to  be  only  a matter  of  time  before  it  is 
carried  to  other  islands  in  the  group. 

Lygosoma  (Leiolopisma)  noctua  noctua 
(Lesson) 

Moth  Skink 

Lygosoma  vertebrate  Hallowed,  1860,  Proc. 
Acad.  Nat.  Sci.,  Phila.,  p.  487  (type  local- 
ity: “Sandwich  Islands”). 

Leiolopisma  noctua,  Stejneger,  1899,  Proc. 

U.  S.  Nat.  Mus.,  vol.  21,  p.  805. 

Lygosoma  ( Leiolopisma ) noctua  noctua,  Lov- 
eridge, 1948,  Bull.  Mus.  Comp.  Zook,  vol. 
101,  no.  2,  pp.  357-58. 

The  present  status  of  this  pretty  striped  liz- 
ard in  the  Hawaiian  Islands  is  one  of  the  most 
interesting  and  perplexing  problems  relating  to 
the  herpetofauna  of  the  islands.  Prior  to  the 
beginning  of  the  present  century,  this  species 
was  the  only  member  of  the  genus  known  to 
occur  in  the  Hawaiian  Islands  and  it  was  re- 
ported from  several  of  them.  As  nearly  as  we 
have  been  able  to  ascertain,  there  are  no  defi- 
nite records  of  any  specimens  of  the  Moth 
Skink  collected  in  the  Hawaiian  Islands  since 
1920.  One  specimen  in  the  collections  of  the 
California  Academy  of  Sciences  is  without  defi- 
nite date  of  collection,  and  Mr.  Joseph  R. 
Slevin  has  advised  us  (in  litt.)  that  this  lizard, 
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CAS  No.  47419,  was  collected  at  some  time 
before  June  26,  1920,  when  it  was  added  to 
the  Academy  collection.  The  latest  specimen 
that  we  have  been  able  to  locate  with  a definite 
date  of  collection  was  taken  on  Oahu  in  1912. 

Stejneger  (1899)  records  five  specimens  col- 
lected on  Hawaii  and  three  from  Hilo,  where 
the  lizard  was  reported  to  be  scarce.  Snyder 
(1917)  collected  but  a single  specimen  at 
Honolulu.  Perkins  (1903)  gave  the  following 
interesting  note  on  this  skink: 

“I  used  to  observe  it  in  Honolulu,  catching 
the  insects  attracted  by  the  electric  light  above 
the  doorway  of  a house.  Here  quite  a little 
colony  had  established  itself,  but  after  a time 
a large  grey  rat  took  up  its  position  on  the 
ledge  above  the  door,  feeding  on  the  moths, 
which  it  caught  between  its  front  paws,  and 
either  it  devoured  the  lizards  also  or  at  least 
they  disappeared.” 

Perkins’  observation  indicates  that  in  the 
Hawaiian  Islands  L.  noctua  was  a climbing 
form,  that  it  was  sometimes  nocturnal,  and 
that  it  was  present,  at  least  occasionally,  in 
man-built  habitats.  Hediger  (1934),  writing  of 
this  species  in  New  Britain,  also  reported  it 
to  be  an  excellent  climber  and  found  it  to  be 
a common  inhabitant  of  native  huts.  On  Arawe 
he  found  individuals  on  the  kitchen  table  lying 
in  wait  for  the  ants  that  fed  on  spilled  sugar. 

On  Runit  Island  at  Eniwetok  in  the  Marshall 
Islands  we  observed  an  unusual  condition  in 
Moth  Skinks.  On  that  island  this  lizard  is  a 
common  ground  inhabitant  of  the  herbaceous 
vegetation  along  the  beach  dunes.  Five  of  six 
specimens  collected  in  about  an  hour’s  time 
on  September  3,  1945,  have  two  or  more  in- 
complete digits  on  the  feet.  One  female  has 
no  complete  digits  on  any  foot.  No  definite 
cause  of  this  phenomenon  was  readily  ap- 
parent, but  a possible  explanation  was  noted. 
A species  of  small  crab  was  very  abundant  in 
the  same  habitat.  Often  the  noise  and  move- 
ment of  a retreating  crab  was  mistakenly  in- 
terpreted to  indicate  the  presence  of  a skink. 
It  would  seem  highly  probable  that  the  prox- 
imity of  these  two  animals  involves  some  com- 
bat. The  sharp  claws  of  the  crab  could  easily 
shear  off  the  digits  of  any  skink  unwary  enough 
to  be  caught  by  them.  Fighting  among  the  liz- 
ards might  be  a cause  but  this  would  seem  un- 
likely in  view  of  their  small  size. 

In  contrast  to  the  Moth  Skinks  which  were 
all  found  on  the  ground  at  Runit,  four  speci- 
mens of  the  Azure-tailed  Skink,  collected  at 
the  same  time  but  under  debris  or  beneath  dead 
shrubs  adjacent  to  where  the  Moth  Skinks  were 
collected,  have  no  incomplete  digits.  In  the 
specimens  for  which  this  information  was  re- 


corded for  noctua  from  the  Hawaiian  Islands, 
only  one  individual  out  of  eight  has  any  in- 
complete digits. 

The  Moth  Skink  is  the  only  species  of  lizard 
known  to  occur  on  the  Hawaiian  Islands  that 
brings  forth  its  young  alive.  Hediger  ( supra 
cit.),  in  his  studies  of  this  form  on  New  Britain, 
found  only  one  young  born  per  female.  We 
have  found  the  number  of  young  to  vary  from 
one  to  two.  Six  of  eight  gravid  females  ex- 
amined by  us  contained  two  developing  em- 
bryos per  female;  the  remaining  two  females 
had  one  each.  This  condition  is  not  limited  to 
females  in  the  Hawaiian  group,  since  we  have 
found  one  or  two  developing  embryos  in  fe- 
males from  the  Marshalls,  the  Tuamotu  and  the 
Marquesas  Islands.  None  of  four  females  col- 
lected in  Hawaii  in  July  possessed  developing 
embryos,  whereas  all  of  seven  females  taken 
in  September  have  embryos. 

This  species  appears  to  be  entirely  insectivor- 
ous in  its  food  habits. 

The  largest  specimen  with  a complete  tail 
that  we  have  measured  from  the  Hawaiian  Is- 
lands was  nearly  four  inches  in  total  length 
(40  mm  head-body  length,  58  mm  tail  length). 
Even  this  measurement  is  below  the  length 
recorded  for  specimens  from  other  islands  in 
the  Pacific,  where  head-body  lengths  of  more 
than  50  mm  and  tail  lengths  of  more  than  68 
mm  have  been  recorded.  Females  appear  to 
attain  a slightly  greater  length  than  males. 

Hallowell’s  (I860)  Lygosoma  vertebrate  was 
described  on  the  basis  of  a type  specimen  from 
the  “Sandwich  Islands.”  This  type  is  no  longer 
extant,  but  the  description  leaves  little  doubt 
that  his  specimen  is  referable  to  this  species. 

Mittleman  (1952)  places  this  species  in  the 
genus  Lipinia  Gray,  but  he  does  not  list  the 
Hawaiian  Islands  in  the  distribution  of  the 
genus.  As  stated  under  the  discussion  of  the 
Metallic  Skink,  we  believe  the  classification  and 
nomenclature  of  Smith  (1937)  for  the  large 
genus  Lygosoma  and  its  several  subgenera  has 
more  to  recommend  it  than  the  classification 
proposed  by  Mittleman. 

The  Moth  Skink  has  been  reported  from 
Hawaii,  Kauai,  Maui  and  Oahu. 
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Reproductive  Behavior  in  Cyprinodon  variegatus  Lacepede,  in  Florida 

Edward  C.  Raney1,  Richard  H.  Backus,  Ronald  W.  Crawford  & C.  Richard  Robins 
Department  of  Conservation,  Cornell  University,  Ithaca,  New  York 

(Plates  I & II) 


While  on  an  ichthyological  recon- 
naissance in  southern  Florida  during 
late  March,  1952,  we  had  unusually 
good  opportunities  on  two  occasions  to  study 
the  nest  building  and  reproductive  behavior  of 
the  variegated  cyprinodon,  Cyprinodon  varie- 
gatus, under  natural  conditions.  A total  of  17 
man-hours  of  observation  produced  the  data 
recorded  below  which  supplement  the  obser- 
vations made  in  aquaria  by  Newman  (1907). 
As  expected,  the  reproductive  behavior  in  nature 
differs  markedly  from  that  observed  in  tanks. 
Our  experience  indicates  that  Cyprinodon  may 
easily  be  observed  at  close  hand  during  spawn- 
ing activity  and  it  is  recommended  as  an  excel- 
lent subject  for  further  detailed  behavioral  study 
in  the  field.  An  account  of  its  general  habits 
and  ecology  was  given  by  Hildebrand  & Schroe- 
der  (1928:  135).  It  is  a handsome  aquarium 
fish  and  its  active  and  often  ferocious  behavior 
is  well  known. 

Several  brief  notices  of  the  reproductive  be- 
havior of  other  species  of  Cyprinodon  have  been 
noted.  Breder  (1934:  69)  reported  that  in  quiet 
pools  on  Andros  Island,  Bahamas,  males  of 
Cyprinodon  baconi  Breder  could  frequently  be 
seen  in  pursuit  of  females,  in  a manner  not  un- 
like that  of  Cyprinodon  variegatus  in  the  latitude 
of  New  York,  a short  time  before  full  nuptial 
colors  were  assumed.  Cowles  (1934:  41)  noted 
station  holding  by  a male  of  Cyprinodon  macu- 
laris  Baird  & Girard  in  the  aquarium.  Additional 
spawning  data  on  this  species  were  given  by 
Miller  (1942:  96). 

Our  thanks  go  to  Charles  M.  Breder,  Jr.,  and 
Robert  R.  Miller  for  suggestions  regarding  refer- 

1  A grant  from  the  Faculty  Research  Grants  Com- 
mittee, Cornell  University,  which  covered  transporta- 
tion costs  on  the  ichthyological  expedition  during  which 
this  study  was  made,  is  gratefully  acknowledged. 


ences  and  to  Royal  D.  Suttkus  for  his  assistance 
in  critically  reading  the  manuscript. 

Range,  Habitat  and  Associates 

Cyprinodon  variegatus  is  a coastal  species 
found  in  brackish  or  nearby  fresh  waters.  Ac- 
cording to  Hubbs  (1936:  224),  it  ranges  from 
Cape  Cod  to  the  Gulf  of  Mexico  as  far  as  the 
vicinity  of  Brownsville,  Texas.  Within  this  ex- 
tensive range  Hubbs  (1936:  223-224)  recog- 
nized two  subspecies,  Cyprinodon  variegatus 
ovinus  (Mitchill)  which  occurs  from  Massa- 
chusetts to  Virginia,  and  C.  variegatus  variegatus 
Lacepede  which  is  distributed  from  North  Caro- 
lina to  near  Brownsville,  Texas.  It  seems  prob- 
able that  the  populations  reported  on  herein  are 
to  be  considered  as  the  latter  subspecies.  Addi- 
tional systematic  studies  in  southern  Florida 
may  disclose  the  presence  of  other  well-defined 
taxonomic  units  perhaps  including  the  Cuban 
subspecies  C.  variegatus  riverendi  (Poey). 

Observations  of  spawning  behavior  were  first 
made  in  a shallow,  quiet  mangrove  lagoon,  3.2 
miles  north  of  Everglades,  just  west  of  Florida 
Highway  29,  Collier  Co.,  on  March  20,  1952. 
The  water  was  clear,  slightly  brown,  without 
perceptible  flow  and  brackish.  The  area  was 
seldom  over  1 foot  deep  and  was  bordered  by 
mangrove  thickets  except  on  the  roadside  where 
a few  emergent  plants  were  noted.  The  bottom 
was  covered  with  blackish  silt  which  varied 
from  a depth  of  about  2 inches  near  shore  to 
over  a foot  in  the  deepest  part  of  the  lagoon. 
Where  cleared  by  the  action  of  Cyprinodon  the 
white  sand  underneath  was  evident.  The  weather 
was  clear  and  conditions  for  observation  were 
excellent  from  5 P.M.  to  dusk  at  6:40  P.M. 
Activity  gradually  diminished  and  by  dusk 
spawning  had  ceased  and  practically  all  fishes 
had  moved  off  the  spawning  area.  At  that  time 
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TABLE  1.  Sexual  Dimorphism  in 
as  Noted  on  Living  and  Freshly 

Coloration  in  Cyprinodon  variegatus  in  Breeding  Condition 
Preserved  Specimens  Taken  Near  Everglades  and  at  Alva, 
Florida,  March  20-21,  1952 

Character 

Male 

Female 

Nape  to  dorsal  origin 

Iridescent  bluish-green 

Olivaceous  or  brown 

Dark  bars  on  sides  and  dorsum 

Not  prominent 

Prominent 

Lower  sides  and  venter 
Black  border  on  posterior  mar- 

Yellow  or  orange 

Whitish 

gin  of  caudal 

Present 

Absent 

Pelvic  and  anal  fins 

Yellow  with  much  dark  near 
tip 

Clear,  occasionally  with 
some  dark  on  anal 

Dark  ocellated  spots  in  pos- 
terior dorsal  membrane 

None,  or  occasionally  one 
small  dusky  spot 

One  or  two,  well  developed 

Pectoral  fin 

Black  at  tip  blending  to 

Clear 

brownish-red  near  insertion 

the  water  temperature  was  84°  F.  and  the  air 
85°  F.  The  area  was  then  vigorously  seined  and 
the  following  species  were  taken  (number  of 
specimens  in  parentheses) : Cyprinodon  v. 

variegatus  Lacepede  (61),  Adinia  multifasciata 
Girard  (3),  Gambusia  affinis  holbrooki  (Gir- 
ard) (20),  Lucania  parva  (Baird  & Girard) 
(12),  Mollienesia  latipinna  LeSueur  (41), 
Menidia  beryllina  (Cope)  (1)  and  Microgobius 
gulosus  (Girard)  (2). 

On  March  21,  1952,  spawning  of  Cyprinodon 
was  again  seen  in  a small  tributary  of  the 
Caloosahatchee  River  at  the  east  edge  of  Alva, 
at  Florida  Highway  80,  Lee  Co.  Observations 
were  made  at  a shallow  pool  just  below  the  road. 
No  large  shore  cover  was  present  hut  low 
emergent  aquatic  plants  were  common  along 
the  edges  of  the  pool.  The  water  was  fresh,  white 
and  clear.  The  flow  was  approximately  one  cfs., 
with  slight  current.  The  depth  of  water  was 
up  to  2 feet  in  the  pool  where  the  observations 
were  made  but  was  much  shallower  in  other 
parts  of  the  stream.  The  width  was  usually  1 
to  2 feet  but  up  to  15  feet  in  the  pool.  The  bot- 
tom was  of  light  brown  sand  overlain,  where 
not  cleared  by  action  of  Cyprinodon,  with  sev- 
eral inches  of  silt.  The  water  temperature  was 
76°  F.,  the  air  88°  F.  at  3:20  P.M.  Observa- 
tions were  made  from  2 to  4:35  P.M.  after 
which  a collection  was  made  that  yielded  the 
following  fishes:  Notemigonus  crysoleucas 

bosci  (Valenciennes)  (88) , Notropis  maculatus 
(Hay)  (1),  Notropis  petersoni  Fowler  (4), 
Cyprinodon  v.  variegatus  Lacepede  (10)  Fun- 
dulus  chrysotus  Gunther  (8),  Fundulus  con- 
fiuentits  Goode  & Bean  (7),  Fundulus  seminolis 
Girard  (2),  Mollienesia  latipinna  LeSueur 
(180),  Gambusia  affinis  holbrooki  (Girard) 


(120),  Heterandria  formosa  Agassiz  (2),  Jor- 
danella  floridae  Goode  & Bean  (20) , Chriopeops 
goodei  (Jordan)  (6) , Chaenobryttus  coronarius 
(Bartram)  (10),  Lepomis  punctatus  punctatus 
(Cuvier)  (25),  Lepomis  macrochirus  purpur- 
escens  Cope  (72)  and  Labidesthes  sicculus  van- 
hyningi  Bean  & Reid  ( 1 ) . 

Apparently  these  situations  are  much  like 
those  utilized  for  spawning  in  other  parts  of 
the  range  of  Cyprinodon.  At  Beaufort,  N.  C., 
they  were  observed  breeding  by  Hildebrand 
(1919)  in  shallow  brackish  ponds.  In  the  vi- 
cinity of  New  York  City,  Nichols  & Breder 
(1927:  56)  reported  that  spawning  occurred 
in  the  shallow  and  usually  brackish  arms  of 
the  smaller  bays.  Here  many  were  entrapped  in 
the  larger  tide  pools,  apparently  when  in  search 
of  a spawning  place. 

Sexual  Dimorphism 

The  sexes  were  easily  separated  by  observa- 
tion under  natural  conditions  at  distances  up 
to  10  feet  or  more  by  the  difference  in  colora- 
tion. The  bright  bluish-green  and  orange  of  the 
male  immediately  separated  him  from  the  more 
subdued  female  which  was  predominantly  dull 
greenish-yellow  and  marked  with  prominent 
dark  blotches.  Outstanding  features  are  noted 
in  Table  1.  Jordan  & Evermann  (1896:  672) 
gave  a detailed  description  of  the  spawning 
colors  in  both  sexes  and  Newman  (1907:  341) 
described  the  other  details  of  sexual  dimorphism, 
such  as  breeding  tubercles  or  contact  organs, 
fin  size  and  body  depth. 

When  observed  in  the  field  males  seemed  to 
be  much  larger  than  females.  However,  meas- 
urement of  all  specimens  of  Cyprinodon  col- 
lected showed  that  the  largest  male  slightly  ex- 
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ceeded  the  length  of  the  largest  female  and 
that  males  barely  averaged  larger  than  females. 
Three  mature  males  collected  at  Alva  ranged 
from  36  to  44  mm  (mean  40.3)  in  standard 
length  and  6 mature  females  ranged  from  36 
to  41  mm  (mean  38.9).  In  the  sample  taken 
near  Everglades  the  15  mature  males  ranged 
from  33  to  44  mm  (mean  37.4)  while  18  mature 
females  ranged  from  33  to  42  mm  (mean  36.7) . 
The  28  immature  specimens  from  Everglades 
ranged  from  15  to  32  mm.  The  illusion  of  larger 
size  in  males  is  chiefly  due  to  the  greater  body 
depth,  brighter  colors  and  greater  activity  of 
the  male.  These  data  regarding  size  differences 
in  the  sexes  are  in  general  agreement  with  those 
given  for  Beaufort,  N.  C.,  by  Hildebrand  (1919) 
who  reported  that  breeding  males  averaged  48 
mm  and  females  45  mm  in  standard  length.  The 
extreme  size  for  this  species  was  recorded  by 
Gunter  (1945 : 45)  for  the  Texas  coast.  Of  more 
than  6,000  specimens  only  3 were  more  than  55 
mm  long,  the  longest  being  93  mm.  It  is  inter- 
esting to  note  the  correlation  of  the  larger  size 
in  the  male  with  the  nest  building  habit,  a cor- 
relation also  noted  in  many  Cyprinidae. 

Territory 

Territoriality  in  males  of  Cyprinodon  varie- 
gatus was  well  developed.  The  larger  territories 
were  lVi  to  2 feet  in  diameter.  In  a few  cases 
the  territory  was  limited  to  a very  small  area 
surrounding  the  nest  or  depression.  Each  terri- 
tory was  roughly  circular  or  oval  although  local 
obstructions  such  as  roots  of  aquatic  plants, 
logs  and  stones  served  to  modify  both  the  shape 
and  size  of  the  territory  (see  Plate  I,  Figure  1) . 
The  territory  was  easily  recognized  by  its 
cleaned  appearance.  The  constant  movement  of 
the  many  individuals  of  Cyprinodon  close  to 
the  bottom  cleared  away  the  blackish  silt. 

Near  Everglades  the  territories  for  the  most 
part  were  located  at  depths  of  1 to  6 inches  and 
immediately  adjacent  to  the  bank.  A few  ter- 
ritories were  noted  to  be  as  much  as  10  feet 
from  shore  and  were  usually  located  near  the 
side  of  a submerged  palm  log  or  rock  where  an 
examination  revealed  that  the  silt  was  not  as 
thick  as  it  was  over  the  adjacent  lagoon  bottom. 
These  outside  territories  which  were  generally 
occupied  by  large  aggressive  males  were  often 
very  successful  spawning  sites  since  gravid 
females  coming  inshore  from  deeper  water  first 
came  near  them.  Territories  were  absent  else- 
where because  of  the  extreme  depth  of  silt  which 
seemed  to  prevent  males  of  Cyprinodon  from 
clearing  a territory. 

After  a period  of  a minute  or  so,  guarding 
males  seemed  to  have  little  or  no  fear  of  ob- 
servers standing  on  the  bank  only  a foot  or  so 
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from  the  nearest  territories.  Indeed,  some  never 
left  their  territories  as  we  approached  and  sat 
or  stood  above  them.  When  disturbed  by  a 
quick  movement  of  an  observer  the  males  of 
Cyprinodon  and  associated  species  beat  a quick 
retreat  to  the  deeper  part  of  the  lagoon,  some 
20  feet  away,  or  quickly  burrowed  into  the  silt 
or  sand  where  they  remained  completely  cov- 
ered or  with  only  the  eyes  visible.  However,  in 
less  than  a minute  they  were  normally  back 
guarding  territories. 

With  few  exceptions  a single  male  occupied  a 
territory.  His  behavior  was  characteristic.  Any 
Cyprinodon,  or  other  species  of  fish,  that  ap- 
proached or  came  into  his  territory  was  im- 
mediately met  by  a strong  drive.  Even  fishes 
much  larger  than  the  defender  usually  beat  a 
hasty  retreat  when  faced  with  this  pugnacious 
onslaught.  Other  males  of  Cyprinodon  normally 
turned  away  without  a blow  being  struck.  In 
some  cases  where  males  were  of  approximately 
equal  size  some  tight  circling  was  noted.  On  one 
occasion  a large  male  was  noted  to  replace  a 
slightly  smaller  one  which  was  guarding  a nest. 
There  was  no  dispute,  the  smaller  male  merely 
swimming  away.  No  case  was  noted  of  a male 
escorting  another  male  from  the  territory  in 
what  has  been  noted  and  called  “deferred  com- 
bat” in  Cyprinidae  by  Reighard  (1910:  1128) 
and  Raney  (1947:  127). 

Occasionally  in  nature  two  males  may  make 
contact  when  guarding  territories  although 
nothing  of  this  sort  was  seen  near  Everglades 
or  at  Alva.  The  senior  writer  noted  males  of 
Cyprinodon  butting  other  males  that  attempted 
to  enter  a territory  at  the  western  end  of  West 
Lake  in  Everglades  National  Park,  Florida, 
on  December  29,  1949.  Here  the  territories  were 
small  and  located  very  close  to  shore.  The 
population  was  abundant  and  63  specimens  were 
captured  with  a few  drags  of  a seine.  No  spawn- 
ing was  noted  (or  looked  for).  The  females 
were  greatly  swollen  with  eggs  and  both  sexes 
were  very  likely  in  a high  stage  of  development. 
Nichols  & Breder  (1927:  56)  also  reported  of 
the  New  York  City  area  that  “in  the  breeding 
season  males  are  commonly  found  several  to- 
gether, swimming  actively  about,  fighting  and 
chasing  one  another  in  circles,  their  steel-blue 
backs  flashing.” 

At  close  quarters  in  an  aquarium  this  butting 
by  males  has  been  seen  occasionally.  Newman 
(1907:  337)  observed  several  combats  where 
males  butted  heads,  grasped  jaws  and  shook 
powerfully  from  side  to  side.  These  encounters 
were  of  short  duration  and  invariably  the  chal- 
lenger retired.  None  of  the  combatants  seemed 
to  receive  any  injury  in  these  battles.  The  breed- 
ing tubercles  that  are  present  on  the  head,  fins 
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and  body  of  the  male  (see  figure  in  Newman, 
1907:  327)  are  small  and  useful  only  during 
the  spawning  contact,  and  would  seem  of  little 
or  no  value  in  the  fights  that  occur  between 
males. 

Both  large  and  small  males  held  territories. 
The  former  were  practically  all  successful  at 
one  time  or  another  in  securing  mates,  but  none 
of  the  very  small  males  were  seen  to  spawn. 
Some  variation  in  the  behavior  of  males  of 
Cyprinodon  when  holding  a territory  was  noted. 
Those  in  a high  state  of  sexual  development 
stayed  closer  to  the  territory  and  spawned  more 
often  than  other  males  which  were  apparently 
tired  and  which  may  have  been  spawning  over 
a long  period.  Occasionally  a male  strayed  from 
a territory  as  much  as  5 or  6 feet  but  returned 
shortly.  Often  males  were  observed  to  scrape 
the  belly  and  lower  sides  against  twigs  and  rocks. 
This  was  done  by  a rather  quick  twisting  mo- 
tion. This  may  be  associated  with  display,  since 
the  orange  sides  and  belly  flashed  conspicuously 
in  the  sun.  There  is  also  the  remote  possibility 
that  this  may  be  a device  for  getting  rid  of 
parasites.  However,  this  behavior  seemed  lim- 
ited to  males,  which  favors  the  former  explana- 
tion. 

Females  were  rather  generally  distributed 
throughout  the  spawning  area.  They  swam  de- 
liberately, either  scattered  singly  or  in  small 
groups  of  6 to  10.  When  a female  entered  a 
territory  she  was  attacked  by  a male,  and  im- 
mediately retreated  unless  ready  to  spawn  at 
that  moment.  She  appeared  to  be  constantly  in 
search  of  food  and  occasionally  picked  up  ob- 
jects from  the  bottom. 

The  territorial  holdings  and  behavior  of  in- 
dividuals of  Cyprinodon  were  somewhat  dif- 
ferent in  the  small  stream  situation  at  Alva. 
Territoriality  was  much  less  pronounced  and 
there  were  fewer  nests.  The  total  bottom  area 
suitable  for  spawning  was  largely  limited  to  the 
sides  of  the  pool  below  the  culvert  but  because 
of  the  small  Cyprinodon  population  there  was 
actually  more  space  available  per  individual 
male.  A male  Cyprinodon  often  moved  about 
the  bottom  of  the  pool  investigating  and  circling 
a female  which  he  encountered.  Only  occasional- 
ly did  he  return  to  his  territory.  There  was  little 
pursuit  and  near  contact  between  males.  Perhaps 
this  was  true  because  only  6 to  8 males  were 
present  and  active  at  any  one  time,  whereas 
near  Everglades  several  dozen  males  were 
usually  guarding  territories  during  the  period  of 
observation.  More  mature  females  than  males 
were  present  both  at  Alva  and  near  Everglades. 
At  Alva  many  large  males  of  Mollienesia  were 
present  and  actively  displaying.  The  opportunity 
for  meeting  of  these  two  species  was  limited 


since  individuals  of  Cyprinodon  remained 
mostly  near  the  bottom  while  most  of  the  display 
of  the  molly  was  at  the  upper  or  median  levels. 
When  a male  molly  came  close  to  the  territory 
of  a male  Cyprinodon , the  former  was  quickly 
rebuffed. 

A summary  of  the  behavior  of  the  male 
Cyprinodon  within  his  territory  follows.  Most 
of  the  time  he  chased  intruding  fishes  including 
females  of  his  own  kind,  rested  on  the  bottom, 
occasionally  rose  to  the  nearby  surface  to  eat 
small  objects,  worked  on  the  nest  but  rarely 
and  spawned  when  the  opportunity  occurred. 

Nest  Building 

One  nest  was  located  in  each  territory.  These 
nests  were  shallow  saucer-shaped  pits  normally 
circular  or  oval  in  shape  and  usually  from  4 to 
6 inches  in  diameter.  They  varied  in  depth 
from  1 to  1.5  inches.  Usually  the  nest  was  lo- 
cated somewhat  near  the  center  of  a territory 
although  local  conditions  and  obstructions  modi- 
fied this  so  that  occasionally  the  nesting  depres- 
sion was  even  located  at  the  periphery  of  a 
territory. 

Near  Everglades  there  was  one  excellent 
spawning  area  not  used  at  the  time  of  our  ob- 
servations although  it  was  apparent  that  it  had 
recently  been  used.  Approximately  100  nests 
were  counted  here  in  an  area  of  12  square  feet 
and  territories  probably  were  limited  in  size  to 
a very  small  area  that  hardly  exceeded  the 
extent  of  the  nest  depression.  In  the  area  where 
most  spawning  occurred  at  the  time  of  our 
observations,  12  inches  was  the  minimum  dis- 
tance between  lips  of  adjacent  nests. 

In  practically  all  cases  the  nest  was  built  by 
the  male  Cyprinodon.  Nest  building  consisted 
of  two  operations.  The  male  took  silt  and  small 
stones  with  the  mouth  from  near  the  bottom  of 
the  depression  and  blew  them  toward  the  peri- 
phery of  the  nest.  However,  the  most  effective 
type  of  nest  building  occurred  when  a male 
dipped  downward  into  the  pit  and  vibrated  his 
body  rapidly  against  the  bottom  of  the  depres- 
sion. This  stirred  up  the  sand  and  silt  and 
brushed  it  to  either  side  by  the  body  undula- 
tions. During  this  series  of  vibrations,  the  body 
of  the  male  usually  moved  forward  and  up- 
ward and  the  tail  functioned  effectively  in  mov- 
ing sand  and  detritus.  The  time  involved  in  the 
nest  building  vibrations  was  usually  from  one  to 
three  seconds.  On  a few  occasions  this  activity 
was  repeated  two  or  three  times  in  quick  suc- 
cession. The  time  spent  by  any  male  in  nest 
building  was  very  limited.  All  observed  build- 
ing was  in  nests  already  partially  excavated. 
Possibly  at  the  start  of  nest  building  or  of  ter- 
ritorial behavior  in  any  given  locality  more  time 
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was  given  to  this  activity.  Nesting  activity  was 
noted  briefly  by  Nichols  & Breder  (1927:  56) 
who  reported  that  “a  male  was  observed  to  go 
repeatedly  to  the  bottom  and  wriggle  vigorously 
with  its  belly  against  the  mud  so  that  little  clouds 
of  the  same  rose  on  either  side  (Mastic,  June 
18).” 

On  several  occasions  at  Alva  a female  was 
seen  working  on  a nest  by  dipping  down  into 
the  cavity  and  vibrating  rapidly  from  side  to 
side  (see  Plate  II,  Figure  4.)  On  one  occasion  a 
female  also  acted  like  a male  as  far  as  terri- 
toriality was  concerned.  She  completed  nest 
building  behavior  as  described  above,  with  the 
exception  of  picking  up  sand  in  the  mouth, 
which  no  female  was  observed  to  do.  She 
chased  another  female  away  from  the  nest  and 
otherwise  assumed  the  pugnacious  attitude  and 
activity  of  a male.  However,  she  soon  deserted 
and  resumed  the  typical  female  behavior  of 
slowly  swimming  about  near  the  bottom.  This 
type  of  behavior  is  similar  to  that  reported  by 
Noble  (1938:  136)  for  the  jewel  fish,  Hemi- 
chromis  bimaculatus  Gill.  Under  exceptional 
circumstances  the  female  of  this  cichlid  may 
select  a territory  and  even  stimulate  a male 
by  courtship  movements. 

Another  instance  of  interesting  behavior  in  a 
female  Cyprinodon  was  noted  in  one  case  at 
Alva.  She  burrowed  into  the  sand  by  wriggling 
the  body.  This  activity  at  first  looked  like  the 
preliminaries  of  nest  building.  However,  she 
continued  to  burrow  until  only  the  eyes  and 
upper  dorsum  could  be  seen.  She  remained  in 
this  position  for  about  15  minutes,  not  leaving 
even  when  investigated  by  several  other  females 
that  nosed  her. 

Spawning  within  the  nest  was  unusual  and 
any  spot  within  or  even  outside  the  territory  was 
used.  In  this  respect  the  behavior  is  much  like 
that  of  the  eastern  blacknose  dace  as  reported 
by  Raney  (1940:  402). 

Spawning 

When  on  or  near  the  territory  and  often 
when  at  a distance  from  it,  the  male  may  be 
ready  to  spawn.  Females  were  rather  generally 
distributed  over  the  area  but  mostly  outside  the 
territories.  They  swam  about  slowly  in  small 
groups  of  six  to  ten  or  were  scattered  singly. 
When  a female  came  inshore  toward  a territory 
she  was  met  by  the  attack  of  a male.  When 
ready  to  spawn  she  held  her  position,  retreated 
hesitantly  to  be  overtaken  by  the  male  or  circled 
back  and  came  to  rest.  Thus  the  male  recognized 
her  and  came  quickly  alongside  (see  Plate  I, 
Figure  2) . Herein  is  one  of  the  main  differences 
in  behavior  from  that  observed  in  an  aquarium 
by  Newman  (1907:  338).  In  the  confines  of  a 


tank  the  male  usually  followed  a female  until 
he  cornered  her  at  the  bottom,  or  side  of  the 
tank  and  there  spawned  with  her.  Cornering  also 
takes  place  occasionally  in  nature  but  extensive 
following  was  not  observed. 

At  the  time  of  spawning,  as  shown  in  Plate 
II,  Figure  3,  the  sexes  assumed  a parallel  course 
with  their  venters  near  the  bottom.  The  male 
inclined  his  body  toward  that  of  the  female,  so 
as  to  make  an  angle  of  somewhat  more  than  45 
degrees  with  the  bottom.  The  female  inclined 
slightly  but  held  her  position  against  the  male. 
This  contact  was  probably  aided  by  the  presence 
of  breeding  tubercles  on  the  side  of  the  male. 
The  dorsal  fin  was  erect  and  probably  in  con- 
tact with  the  female  at  least  near  its  base.  In 
the  aquarium  Newman  (1907:  338)  noted  that 
the  male  held  the  female  forward  of  her  caudal 
fin  chiefly  by  using  his  strong  dorsal  fin.  The 
function  of  the  anal  fin  was  not  observed  by  us 
but  considering  the  well-developed  tubercles  that 
cover  its  surface  it  seems  likely  that  it  was  in 
contact  with  the  female.  The  pectoral  fins  which 
normally  were  in  constant  motion  were  now  ap- 
pressed  at  least  on  the  free  side  of  the  male. 
The  other  pectoral  may  have  been  used  as  a 
grasping  organ  but  this  was  not  observed.  At 
this  moment  the  male  threw  his  body  into  an 
S-shaped  curve  with  the  more  prominent  bend 
in  the  posterior  half  of  the  body  closely  ap- 
pressed  to  the  female  so  that  the  two  genital 
openings  were  in  apposition.  Part  of  the  time 
his  caudal  fin  appeared  to  be  in  contact  with 
the  bottom.  A rapid  vibration  of  the  bodies 
occurred  which  lasted  for  one  or  often  as  much 
as  two  seconds,  during  which  the  eggs  were 
presumably  laid  although  they  were  not  visible. 
The  bottom  was  not  disturbed  much  during  the 
spawning  act.  Occasionally  the  spawning  act  was 
repeated  after  only  a second  or  two  of  rest, 
being  sometimes  preceded  by  a forward  move- 
ment of  several  inches  during  which  each  sex 
maintained  its  relative  position.  It  seemed  to 
matter  little  whether  the  male  spawned  on  the 
right  or  left  side  of  the  female.  One  male 
spawned  three  times  in  rapid  succession  and 
changed  sides  each  time.  Commonly  the  act  was 
repeated  as  often  as  two  to  five  times  within  a 
half  minute.  One  of  the  successful  males  was 
observed  to  spawn  20  times  in  a 30-minute 
period.  Occasionally  between  spawning  acts  a 
male  rose  to  the  surface  and  took  food. 

In  all  but  one  case  spawning  by  a pair  was 
the  rule.  In  the  exception,  spawning  occurred  in 
the  usual  way  and,  as  the  male  moved  away 
for  an  instant,  another  male  took  position  along- 
side the  female.  The  first  male  immediately  re- 
turned to  the  other  side  of  the  female  and  the 
three  spawned.  Near  Everglades  occasionally. 
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outside  a territory,  a male  chased  a female, 
cornered  her  against  a log  or  stone  and  spawned. 
At  Alva  it  seemed  to  be  the  general  rule  that 
spawning  occurred  wherever  a male  met  a 
ready  female.  This  was  often  on  the  top  or  at 
the  side  of  a rock. 

When  a female  finished  spawning,  she  usual- 
ly retreated  from  the  area  but  doubtless  re- 
turned a short  time  later  although  no  data  were 
obtained  on  the  number  of  times  a female 
spawned  or  to  what  territory  she  returned.  How- 
ever, a male  continued  to  spawn  as  long  as 
females  moved  into  his  territory.  Small  males 
were  not  observed  to  spawn. 

Although  the  eggs  were  not  visible  to  the 
observers,  there  was  little  doubt  that  they  were 
laid,  for  often  mollies,  mosquito  fishes  and  other 
species  including  females  of  Cyprinodon  rushed 
to  the  precise  spot,  where  they  were  presumed 
to  eat  the  eggs.  This  behavior  is  also  typical  of 
many  sunfishes  and  cyprinids  (see  Raney,  1947 : 
127)  which  seem  to  recognize  the  spawning  act. 

Males  and  females  of  Cyprinodon  captured 
from  the  spawning  area  were  both  ripe.  The 
females  were  stripped  easily;  the  eggs  were 
translucent  and  yellow.  Kuntz  (1916:  410) 
gave  figures  of  the  eggs  which  are  demersal, 
1.2-1. 4 mm  in  diameter,  and  covered  by  many 
adhesive  threads  which  cause  them  to  adhere 
to  each  other  in  small  groups  and  to  the  sand. 
He  also  figured  the  larvae  and  young  at  stages 
from  4 to  12  mm  total  length. 

The  spawning  season  extends  over  a period  of 
considerably  more  than  half  a year  when  the 
data  from  the  known  range  are  considered.  They 
were  observed  in  spawning  condition  in  late 
December  in  the  southern  part  of  Everglades 
National  Park,  Florida.  In  the  vicinity  of  New 
York  City  ripe  specimens  of  Cyprinodon  have 
been  found  from  May  until  September  accord- 
ing to  Nichols  & Breder  (1927:  56).  At  Beau- 
fort, N.  C.,  Hildebrand  (1919)  reported  that 
the  spawning  season  extended  from  April  to 
October,  and  noted  that  a single  female  spawned 
in  late  April,  late  May,  June  and  numerous 
times  in  July  and  August.  Ten  days  or  a month 
passed  between  spawnings  or  in  some  cases 
eggs  were  deposited  daily  for  a short  period. 

Display  and  Breeding  of  Other  Fishes 

At  Alva,  Gambusia  affinis  holbrooki  was  ob- 
served to  breed  and  Mollienesia  latipinna  and 
Chriopeops  goodei  were  seen  displaying.  Indi- 
viduals of  Jordanella  floridae,  a close  relative  of 
Cyprinodon  variegatus,  were  present  but  not  in 
breeding  condition.  They  were  scattered  over 
and  near  the  bottom  where  they  apparently 
searched  for  food.  When  at  rest  on  the  bottom 
the  pectoral  fins  waved  back  and  forth  slowly 


in  contrast  to  the  very  rapid  movement  noted 
in  Cyprinodon. 

The  numerous  large  and  brilliantly  colored 
males  of  Mollienesia  were  scattered  throughout 
the  pool.  They  actively  displayed  at  any  level 
but  often  at  or  near  the  surface.  The  male 
erected  his  large  dorsal  fin  and  tended  to  herd 
any  female  which  crossed  his  path  by  crossing 
back  and  forth  in  front  of  her.  The  bright  blue 
and  orange  caudal  fin  was  expanded  at  this 
time  and  was  often  flashed  in  the  face  of  the 
female.  The  male  nudged  the  female  near  the 
vent  with  his  snout.  There  was  no  tendency  for 
a male  to  hold  a territory  but  rather  he  moved 
freely  about  the  pool.  No  contact  or  display 
was  noted  between  males.  Many  males  were 
much  larger  than  any  female  present. 

Males  of  Gambusia  were  also  very  numerous 
and  were  scattered  about  the  pool,  mostly  at 
mid  and  top  levels.  The  males  constantly  nudged 
the  larger  and  slower  moving  females  about 
the  vent.  When  ready  to  mate  the  females  moved 
even  more  slowly  than  usual.  At  this  time  the 
male  brought  the  gonopodium  forward  and 
made  contact.  On  some  occasions  several  males 
followed  a large  female.  Males  of  Gambusia 
were  seen  to  follow  and  nudge  females  of 
Mollienesia  but  under  circumstances  that  sug- 
gested they  might  be  interested  in  newly  born 
young,  although  no  young  were  actually  ob- 
served. 

Display  by  a male  Chriopeops  goodei  was 
seen  several  times  although  no  spawning  was 
observed.  It  occurred  near  the  surface  at  the 
edge  of  a bed  of  emergent  aquatic  plants.  The 
male  with  its  bright  dorsal  and  anal  fins  fully 
extended  swam  in  front  of  a female.  As  the 
male  continued  to  display  the  female  followed 
with  her  snout  just  behind  his  caudal  fin.  After 
a short  time  the  male  ceased  the  display  and 
swam  away.  At  this  time  the  male  has  the  orange 
of  the  dorsal  and  anal  fin  replaced  by  azure 
blue  and  the  edging  of  these  fins  is  somewhat 
enlarged  and  is  an  intense  black.  Ordinarily 
the  male  is  orange  on  the  posterior  part  of  the 
dorsal  and  anal  fins  and  it  seems  that  the  com- 
plete development  of  blue  is  of  very  short 
duration,  occurring  only  at  the  height  of  the 
breeding  season. 

Summary 

Territoriality,  nest  building,  spawning  and 
other  phases  of  the  behavior  of  Cyprinodon 
variegatus  was  observed  in  a brackish  mangrove 
lagoon  and  in  a small  fresh  water  stream  in 
southern  Florida  in  late  March,  1952.  This 
species  is  recommended  as  an  excellent  subject 
for  further  detailed  behavioral  studies,  since  one 
may  readily  approach  and  observe  its  activities 
in  nature. 
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The  mature  individuals  of  either  sex  are  easily 
identified  by  their  coloration.  The  male  was 
iridescent  bluish-green  between  the  origin  of 
the  dorsal  fin  and  the  nape  whereas  the  female 
was  conspicuously  marked  with  dark  blotches. 

Territoriality  was  well  developed  in  the  male. 
Territories  were  roughly  circular,  although 
modified  somewhat  by  obstructions  such  as  logs 
and  stones,  and  varied  in  size  up  to  a maximum 
of  2 feet.  The  territory  was  cleared  by  a male 
which  by  the  constant  motion  of  the  body  swept 
away  the  dark  silt  from  the  underlying  light  col- 
ored sand.  With  vigorous  rushes,  the  guarding 
male  drove  all  intruding  fish  from  the  territory 
although  actual  contact  seldom  occurred.  The 
male  fed  intermittently  while  guarding  the  ter- 
ritory. 

Within  each  territory,  usually  near  the  center 
but  sometimes  near  the  edge,  was  a saucer- 
shaped nest  4 to  6 inches  in  diameter.  This  nest 
was  usually  dug  by  the  male  by  means  of  rapid 
undulations  of  the  body  and  tail  and  by  the  use 
of  the  mouth.  Excavation  by  the  female  was 
observed  but  apparently  was  rare. 

Spawning  occurred  in  or  outside  the  terri- 
tory but  was  not  observed  within  a nest.  When 
ready  to  spawn  the  female  no  longer  retreated 
from  the  rush  of  the  male  but  held  her  position 
or  circled  back  and  came  to  rest  near  the  bot- 
tom. The  male  inclined  his  body  in  an  S-shaped 
curve  against  that  of  the  female  so  that  the 
vents  were  in  close  apposition.  Spawning  was 
signalled  by  the  rapid  vibration  of  the  bodies 
for  one  to  two  seconds.  The  act  was  sometimes 
repeated  after  an  interval  of  one  or  two  seconds. 
Spawning  by  a pair  was  the  rule. 

Differences  in  behavior  at  the  two  localities 
were  believed  to  be  correlated  with  differences 
in  the  available  spawning  ground  in  proportion 
to  the  abundance  of  breeding  males  present. 

The  display  of  Mollienesia  latipinna  and 
Chriopeops  goodei  and  breeding  of  Gambusia 
affinis  holbrooki  was  also  observed. 
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Plate  I 

Fig.  1.  Territory  of  Cyprinodon  v.  variegatus  in 
a mangrove  lagoon  near  Everglades,  Flor- 
ida, March  20,  1952.  The  guarding  male 
is  located  near  the  upper  center.  Silt 
covers  the  bottom  except  in  the  cleared 
area  of  the  territory  which  is  approxi- 
mately 2 feet  in  diameter.  The  territory  is 
somewhat  modified  from  the  usual  cir- 
cular form  by  the  log  on  the  right.  The 
end  of  the  black  line  marks  the  center  of 
nest,  which  is  4 inches  in  diameter  but 
which  is  not  particularly  conspicuous  in 
this  territory. 

Fig.  2.  Same  territory  as  shown  above  in  Fig.  1. 

A male  Cyprinodon  (left  center)  ap- 
proaches the  banded  female  (right  center) 
just  before  spawning. 


Plate  II 

3.  The  spawning  act  of  Cyprinodon  in  the 
same  territory  shown  in  Plate  I.  The  male 
(left  center)  is  marked  by  a black-tipped 
caudal  fin  and  an  iridescent  streak  be- 
tween the  eye  and  dorsal  fin.  His  body 
is  in  an  S-shaped  curve  and  is  pressed 
against  the  female.  The  female  (right 
center)  is  somewhat  inclined  and  her 
dorsum  is  notably  blotched.  Neither  is 
conspicuous  over  the  mottled  background, 
of  the  bottom. 

Fig.  4.  Nest  building  activity  by  a female  Cypri- 
nodon at  Alva,  Florida,  March  21,  1952. 
A cloud  of  sand  surrounds  the  nesting  de- 
pression as  the  female  wriggles  her  body 
against  the  bottom.  The  male,  which  usual- 
ly makes  the  nest,  uses  the  same  method. 
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Tarletonbeania  taylori,  a New  Lantern  Fish  from 
the  Western  North  Pacific 

Giles  W.  Mead 

Natural  History  Museum,  Stanford  University 
(Text-figure  1) 


DURING  the  spring  of  1952  a staff  of 
American,  Canadian  and  Japanese  biol- 
ogists was  engaged  in  a study  of  the  mi- 
grations, distribution  and  food  habits  of  the 
North  Pacific  fur  seal  herd  wintering  off  Japan. 
A small  collection  of  fishes  was  assembled  dur- 
ing the  course  of  these  studies,  from  various 
sources,  principally  through  the  operation  of 
a ten-foot  midwater  trawl  of  the  type  recently 
developed  at  Scripps  Institution  of  Oceano- 
graphy. In  the  collection  were  found  six  spec- 
imens representing  an  undescribed  species  of 
the  myctophid  genus  Tarletonbeania.  The  au- 
thor takes  pleasure  in  naming  this  new  species 
for  Mr.  F.  H.  C.  Taylor  of  the  Pacific  Biological 
Station,  Nanaimo,  whose  initiative  and  enter- 
prise, coupled  with  the  material  support  of  the 
three  governments  involved,  made  the  trawling 
experiments  possible. 

The  photophore  abbreviations  in  the  descrip- 
tion which  follows  are  those  commonly  in  use 
in  myctophid  taxonomy  (see  Fraser-Brunner, 
1949:  1023).  All  measurements  were  made  with 
dividers  under  a dissecting  microscope  and  re- 
corded in  tenths  of  millimeters. 

Tarletonbeania  taylori,  new  species 
Holotype.—A  male  68.0  mm  in  standard 
length,  collected  May  27,  1952,  haul  5,  by  Mr. 
Taylor  and  others  aboard  the  “Iwate  Maru,” 
research  vessel  of  the  Iwate  Prefectural  Fish- 
eries Experimental  Station,  in  a ten-foot  mid- 
water trawl  hauled  at  the  surface.  Locality: 
44  miles  east  of  Ohakozaki,  Iwate  Prefecture, 
Japan  (39°  21'  N.  Lat.,  142°  56'  E.  Long.). 
Time:  0140-0223  hours.  U.  S.  National  Mu- 
seum No.  164970. 

Paratypes  — A female  67.4  mm  in  length,  col- 
lected May  7,  1952,  haul  7,  under  similiar  cir- 


cumstances as  the  holotype.  Locality:  66  miles 
ES  Ohakozaki,  Iwate  Pref.,  Japan  (39°  03'  N. 
Lat.,  143°  21'  E.  Long.),  at  a depth  of  60  me- 
ters. Time:  2201-2248.  U.S.N.  M.  No.  164971. 

A juvenile  female  33.6  mm  in  length,  col- 
lected May  26,  1952,  haul  4.  Locality:  same 
as  that  of  holotype,  at  a depth  of  66-100  meters. 
Time:  2235-2347.  U.S.  N.  M.  No.  164972. 

A juvenile  female  30.4  mm  in  length,  collect- 
ed May  26,  1952,  haul  4.  Locality:  same  as  that 
of  holotype,  at  a depth  of  88-140  meters.  Time: 
0001-0125. 

A male  67.3  mm  and  a female  70.6  mm  in 
length,  collected  by  Mr.  Ford  Wilke  on  April 
7,  1952,  from  the  gullet  of  a Dali  porpoise 
( Phocoenoides  dalli)  killed  10  miles  east  of 
Kinkazan,  Iwate  Pref.,  Japan  (38°  17'  N.  Lat., 
141°  48'  E.  Long.). 

Description—  General  body  form  approxi- 
mating closely  that  of  Tarletonbeania  crenularis 
(Jordan  & Gilbert)  as  described  by  Bolin 
(1939:  100-105).  In  both  juveniles  and  adults 
the  dorsal  and  ventral  contours  converge  equally 
from  the  vertical  of  the  insertion  of  the  pectoral 
tin  to  the  very  slender  caudal  peduncle.  Great- 
est depth  at  or  slightly  in  advance  of  ventral 
insertion,  4-5  in  length;  least  depth  of  caudal 
peduncle  4.3-6.0  in  head,  less  deep  in  juveniles 
than  in  adults.  The  70.6  mm  female  is  mature 
and  ripe  with  a distended  and  turgid  belly;  a 
more  normal  ventral  profile  is  resumed  behind 
the  anus.  In  the  adult  the  head  is  bluntly 
rounded  and  the  mouth  terminal.  In  the  two 
juveniles  the  snout  is  more  pointed  and  pro- 
trudes somewhat  beyond  the  subterminal 
mouth.  Snout  5-9.5  in  head;  relatively  longer 
in  juveniles  than  in  adults.  As  in  T.  crenularis 
the  forehead  of  the  juvenile  is  flat  or  nearly  so, 
that  of  the  adult  convex.  Head  terminating 
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posteriorly  in  a blunt  fleshy  extension  of  the 
operculum,  extending  to  or  nearly  to  a vertical 
through  the  insertion  of  the  pectoral  fin.  Head 
3.5-4  in  standard  length.  Eyes  of  moderate  size, 
circular,  3-3.5  in  head  in  adults  but  relatively 
much  larger  (1.5-2)  in  young.  Pupil  about  0.3 
the  diameter  of  the  eye.  Interorbital  convex, 
its  bony  width  equal  to  eye  in  the  adult,  equal 
to  0.5  of  eye  in  young;  3.3-4  in  head.  Maxillary 
and  premaxillary  extending  far  behind  orbit, 
posterior  end  of  maxillary  but  slightly  ex- 
panded; its  length,  as  measured  from  tip  of 
snout,  1.3-1. 5 in  length  of  head.  Broad  bands 
of  cardiform  teeth  on  premaxillaries,  palatines 


anus  or  anal  origin;  distance  between  origin 
of  adipose  and  base  of  midcaudal  ray  equal  to 
or  slightly  less  than  length  of  head.  Anal  fin 
inserted  immediately  behind  anus;  origin  of 
anal  to  snout  1.6-2  in  standard  length.  The  final 
anal  ray  originates  below  the  first  AOp  or 
slightly  anterior  to  it.  Length  of  anal  base  4-4.8 
in  standard  length.  Pectoral  inserted  low,  its 
origin  about  equidistant  from  posterior  end  of 
maxillary  and  VLO  and  0.25  of  standard  length 
from  snout;  extending  to  or  slightly  beyond 
VLO,  its  length  1.8  in  head.  Ventral  fin  inserted 
below  or  slightly  in  advance  of  VLO  and  ex- 
tending posteriorly  to  the  fourth  or  fifth  VO 


Text-fig.  1.  Tarletonbeania  taylori,  adult  male.  Drawn  from  holotype, 
U.  S.  N.  M.  No.  164970. 


and  dentaries.  A cluster  of  7 similar  teeth  on 
each  side  of  the  vomer  and  an  elongate  patch  on 
each  entopterygoid.  Ceratobranchials,  basibran- 
chials  and  anterior  gill  rakers  bear  numerous 
teeth,  individually  or  in  clusters. 

Gill  rakers  6 (4-6)  +1  + 10  (8-10),  plus 
an  occasional  rudiment  on  epibranchial  or  cer- 
atobranchial.  This  count,  although  slightly  less 
than  that  of  the  ten  specimens  of  T.  crenularis 
counted  by  Bolin  (op.  cit.)  will  probably  be 
found  not  to  differ  significantly.  The  structure 
of  the  individual  rakers  is  variable.  On  the 
first  arch,  the  longest  raker  is  about  half  an 
orbital  diameter  in  length;  those  of  the  second 
and  subsequent  gill  arches  are  reduced  to  low 
bony  knobs  covered  by  prickles  and  often  sur- 
mounted by  a thin  short  spine— a condition 
approaching  that  on  the  first  arch  of  the  species 
of  Centrobranchus. 

Fin  formula:  D.  13  (12-14);  A.  18  (17-18); 
P.  14  (13-16);  V.  8 (8-9). 

Origin  of  dorsal  slightly  closer  to  snout  than 
to  proximal  end  of  midcaudal  ray,  on  a vertical 
with  the  fourth,  fifth  or  sixth  VO  photophore. 
Length  of  dorsal  base  6-6.4  in  standard  length, 
its  terminus  over  the  fifth  AOa  organ.  Adipose 
fin  inserted  over  last  AOa  or  AO  interspace, 
the  distance  between  its  origin  and  that  of  the 
dorsal  equal  to  that  from  pectoral  insertion  to 


photophore  (to  the  third  in  the  gravid  female). 

Body  squamation  complete,  the  scales 
rounded  or  crenate;  52-53  scales  in  a longitu- 
dinal series.  A scaly  sheath  covers  the  bases  of 
both  dorsal  and  anal  fins  and  enlarged  scales 
cover  the  bases  of  the  lower  pectoral  rays  and 
inner  ventral  rays.  With  the  exception  of  a few 
scales  overlying  the  preoperculm,  the  heads  of 
all  six  specimens  are  nearly  naked,  in  contrast 
to  the  moderate  head  squamation  of  T.  crenu- 
laris. The  variable  placement  of  the  scales  re- 
maining suggests  strongly  that  the  heads  of  the 
Japanese  specimens  bore  scales  during  life  but 
became  denuded  or  nearly  so  during  the  collec- 
tion and  preservation.  The  scales  covering  the 
supra-  and  infracaudal  glands  of  the  males  are 
slightly  distended,  apparently  due  to  the  under- 
lying bulge  of  luminous  tissue,  but  are  other- 
wise indistinguishable  from  the  other  scales  of 
the  midline.  Although  the  course  of  the  lateral 
line  is  evident  for  some  distance  along  the 
body  beneath  the  scales,  only  the  most  anterior 
3-5  overlying  scales  are  characteristically  mod- 
ified. 

Measurements,  in  thousandths  of  standard 
length,  of  the  holotype  followed  in  parentheses 
by  the  range  of  measurements  of  the  five  para- 
types:  head  length  285  (245-280);  snout  31 
(28-53);  postorbital  166  (71-163);  orbit  82 
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Table  I.  Counts  and  Proportional  Measurements  (Expressed  in  Thousandths  of  Standard  Length) 

of  Tarletonbeania  crenularis  and  T.  taylori. 


T.  crenularis 

T.  taylori 

Fin  rays 

Dorsal 

12  (11-14) 

13  (12-14) 

Pectoral 

13  (12-14) 

14  (13-16) 

Ventral 

8 (7-8) 

8 (8-9) 

Serial  photophores 

PO 

6 (5-8) 

6 (5-6) 

VO 

6 (5-7) 

6 (6-7) 

AOp 

4 (3-5) 

5 (4-5) 

Gill  rakers 

5(5-6)-(-l4-ll(10-ll) 

6(4-6)4-14-10(8-10) 

Measurements 

Length  of  head 

281  (253-325) 

264  (245-285) 

Length  of  maxillary 

182  (160-239) 

176  (168-182) 

Snout  to  pectoral  insertion 

276  (245-310) 

261  (238-276) 

Snout  to  ventral  insertion 

400  (380-428) 

377  (345-397) 

Data  for  T.  crenularis  from  Bolin  (1939:  100-105)  based  on  50  specimens  18.1  to  79.2  mm  in  standard 
length;  those  for  T.  taylori  from  the  6 Japanese  specimens  ranging  in  length  from  30.4  to  70.6  mm. 


(75-161);  maxillary  176  (168-182).  Snout  to 
dorsal  origin  522  (491-510),  to  adipose  origin 
788  (756-773),  to  anal  origin  570  (523-588), 
to  pectoral  origin  273  (238-276),  to  ventral 
origin  397  (345-389).  Distance  from  origin 
pectoral  to  origin  dorsal  265  (260-300);  from 
pectoral  to  ventral  148  (113-157);  dorsal  to 
anal  215  (196-227);  dorsal  to  ventral  241 
(229-278) ; ventral  to  anal  176  (148-212).  Base 
of  adipose  to  base  of  midcaudal  ray  243  (223- 
252).  Dorsal  base  162  (158-172);  anal  base 
251  (208-245).  Length  of  pectoral  147  (144- 
149);  pelvic  110  (99-113).  Depth  of  body  at 
dorsal  origin  207  (184-245);  greatest  depth, 
at  or  before  ventral  origin,  221  (208-252); 
least  depth  caudal  peduncle  66  (45-59);  length 
of  caudal  peduncle  215  (197-214). 

The  photophore  pattern  approximates  closely 
the  condition  found  in  T.  crenularis.  Inconspic- 
uous Dn,  Vn  and  Suo  are  present.  In  addition, 
three  or  four  photophore-like  spots  are  present 
below  the  circumorbital  ring  and  one  or  two 
are  evident  behind  the  eye.  These  spots  may 
possibly  be  reduced  photophores  but  are  more 
probably  neuromasts  of  the  circumorbital  lat- 
eral line  system.  They  are  present  but  to  a les- 
ser degree  in  T.  crenularis.  Opi  smaller  than 
the  body  photophores,  opposite  the  posterior 
end  of  maxillary.  Three  Br.  Op2  immediately 
above  Opi  and  slightly  below  the  horizontal  of 
PVOi,  larger  than  the  average  body  photo- 
phore. PLO  small,  about  half  the  diameter  of 


its  neighbors,  and  situated  behind  a vertical 
through  PVOj,  below  the  insertion  of  the 
uppermost  pectoral  ray,  but  above  the  PVO2. 
Six  (5-6)  PO,  the  first  slightly  behind  the 
vertical  of  Ops,  the  second  slightly  in  advance 
of  PVOi,  the  third  below  or  a little  behind 
PVO2.  The  first  three  PO  are  more  widely 
spaced  than  the  successive  three.  VLO  on  a 
horizontal  with  PVOi,  on  or  slightly  behind  a 
vertical  through  VOi.  Six  (6-7)  VO,  the  first 
pair  located  closer  to  the  midline  than  the  suc- 
cessive pairs.  The  three  SAO  form  a gentle 
curve;  the  first  originates  on  a vertical  line  tan- 
gential to  the  posterior  margin  of  the  last  VO 
and  about  a photophore  diameter  from  it.  Sec- 
ond SAO  above  and  behind  the  first,  the  dis- 
tance between  the  first  and  second  about  0.2 
of  that  between  second  and  third.  Second  SAO 
on  or  slightly  behind  a vertical  through  anus; 
the  third  on  or  slightly  before  the  vertical  of  first 
AOa  and  on  a horizontal  with  pectoral  insertion. 
Eleven  (10-11)  AOa,  the  first  originating  above 
the  third  or  fourth  anal  ray,  the  last  above 
the  fourteenth  or  fifteenth.  POL  below  or 
behind  origin  of  adipose  fin,  above  or  behind 
last  AOa.  Five  (4-5)  AOp,  the  first  behind  base 
of  final  anal  ray.  One  Prc.  Females  bear  no 
supra-  or  infracaudal  glands;  males  have  both, 
the  supracaudal  being  relatively  shorter  and 
broader  than  that  of  T.  crenularis.  The  supra- 
caudal gland  of  both  males  originates  above 
the  fourth  AOp  and  extends  posteriorly  to  a 
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vertical  at  the  anterior  margin  of  the  Prc.  The 
gland  is  well  developed  but  not  emarginated 
with  black  and  is  overlaid  by  6-7  scales.  The 
infracaudal  occupies  a comparable  position  and 
horizontal  extent.  In  one  specimen  it  originates 
before  and  below  the  last  pair  of  AOp  and  ex- 
tends to  the  anterior  margin  of  the  Prc.  In  a 
second  specimen  (the  holotype)  the  gland  is 
less  well  developed,  originating  behind  the  last 
AOp  and  terminating  a photophore  diameter 
before  the  Prc. 

Discussion:  Tarletonbeania  taylori  is  cer- 
tainly most  closely  related  to  its  trans-Pacific 
congener,  T.  crenularis,  as  demonstrated  by  the 
slender  caudal  peduncle,  a single  Prc;  low  PLO 
and  pectoral  insertion;  size  and  position  of  the 
Dn,  Vn  and  Suo;  extent,  form  and  dentition 
of  the  bones  bordering  the  gape;  fin  placement 
and  formula;  the  rudimentary  lateral-line  and 
gill-raker  structure  common  to  both.  Although 
meristic  and  proportional  differences  between 
the  two  species  are  discernable  (Table  1 ) they 
might  well  be  thought  to  indicate  subspecific 
rather  than  specific  separation.  The  infra-  and 
supracaudal  glands  of  the  male,  however,  show 
clearly  the  need  for  recognizing  T.  taylori  as 
a distinct  species.  The  supracaudal  gland  of 
T.  crenularis  is  elongate,  extending  from  the 
adipose  fin  to  the  procurrent  caudal  rays;  the 
infracaudal  is  absent.  In  T.  taylori,  on  the  other 
hand,  the  supracaudal  is  well  separated  from 
both  adipose  fin  and  procurrent  caudal  rays 
and  an  infracaudal  gland  of  about  the  same  ex- 
tent is  developed. 

The  genus  Tarletonbeania  at  present  is 
known  only  from  the  North  Pacific.  T.  crenu- 
laris ranges  from  southern  Alaska  into  Mexi- 


can waters  and  to  an  undetermined  distance 
off  shore.  It  is  often  exceedingly  common  at 
night  in  off-shore  surface  waters  and  can  be 
collected  in  quantity  under  a light  with  dip 
net.  Although  here  described  from  only  six 
specimens  from  off  Iwate  Prefecture,  T.  taylori 
will  in  all  probability  be  found  to  range  widely 
and  commonly  off  the  coasts  of  northern  Hon- 
shu and  Hokkaido  and  northward.  Additional 
distributional  data  will  be  available  when  the 
material  from  the  food-habit  studies  of  the 
fur  seal  and  porpoise  have  been  re-examined. 
These  data  will  be  reported  in  later  papers  along 
with  further  results  of  the  trawling  work  and  a 
discussion  of  the  stomach  contents  of  the  ma- 
rine mammals  taken.  When  the  horizontal  and 
vertical  ranges  of  T.  taylori  are  more  fully 
known,  the  distribution  of  the  two  species 
should  be  re-examined.  Although  the  occur- 
rence on  opposite  sides  of  the  North  Pacific  of 
two  closely  related  littoral  species  is  not  an 
unexpected  phenomenon,  it  is  difficult  to  visu- 
alize an  oceanographic  barrier  complete  enough 
to  isolate  successfully  two  pelagic  species,  one 
of  which  is  known  to  be  wide-ranging  while 
the  other  is  suspected  of  being  so. 
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Spontaneous  Neoplasms  in  Fishes.  VII.  A Spermatocytoma  and  Renal 
Melanoma  in  an  African  Lungfish,  Protopterus  annectens  (Owen) 

Ross  F.  Nigrelli 

New  York  Aquarium,  New  York  Zoological  Society 
& 

Sophie  Jakowska 

College  of  Mount  St.  Vincent,  New  York 

(Plates  I-IV;  Text-figure  1 ) 


Introduction 

A LARGE  tumor  mass,  identified  as  a 
spermatocytoma  (Nigrelli  & Jakowska, 
1952),  was  found  in  a single  African 
lungfish,  Protopterus  annectens  (Owen),  which 
died  in  the  New  York  Aquarium.  The  growth 
involved  the  posterior  part  of  the  urogenital 
system.  A detailed  microscopic  examination  of 
various  parts  of  the  kidneys  showed  that  a mela- 
noma was  also  present.  Insofar  as  is  known, 
neither  spermatocytoma  nor  renal  melanoma 
has  hitherto  been  reported  in  fish.  This  paper 
deals  with  the  histology  and  cytology  of  these 
growths,  together  with  a redescription  of  the 
normal  urogenital  system  of  Protopterus  annec- 
tens. 

Materials  and  Methods 
The  fish,  which  was  51  cm.  long,  had  been 
in  captivity  for  about  five  years.  Autopsy 
showed  that  the  tumor  had  caused  a stenosis 
of  the  lower  intestinal  tract  and  cloaca.  The 
affected  urogenital  system,  together  with  a part 
of  the  large  intestine,  was  resected  and  fixed  in 
10%  formalin.  Sections  from  various  regions 
and  levels  were  stained  with  hematoxylin-eosin, 
iron- alum-hematoxylin,  Feulgen,  Masson, 
Giemsa  and  with  Toluidin  blue. 

Normal  testes  and  kidneys  from  alcohol-pre- 
served specimens  of  African  lungfish,  obtained 
from  the  American  Museum  of  Natural  History 
through  the  courtesy  of  Dr.  C.  M.  Breder,  Jr., 
were  studied  for  comparison.  Some  of  this  ma- 
terial was  washed  and  refixed  for  eight  hours 
in  10%  formalin,  and  the  histological  results 
were  found  to  be  satisfactory. 


Observations 

1.  Normal  Male  Urogenital  System 
The  present  observations  confirm  the  descrip- 
tion given  by  Kerr  (1901).  The  diagrammatic 
representation  (Text-fig.l),  in  which  the  normal 
system  (A)  is  compared  with  that  of  the  tumor- 
ous fish  (B  & C) , has  been  modified  from  Kerr's 
figures  and  description,  with  the  omission  of 
the  vestigial  Mullerian  ducts. 

The  testes  of  the  normal  fish  were  paired  and 
elongated.  Each  testis  consisted  of  two  parts: 
the  anterior,  sperm-producing  or  formative  por- 
tion (Text-fig.  1A,  f.t.)  and  a short  vesicular 
testis  (Text-fig.  1A,  v.t.)  which,  according  to 
Kerr’s  interpretation,  serves  as  a duct  and  a 
vesicula  seminalis.  The  kidneys  were  also  elon- 
gated but  usually  shorter  than  the  testes.  They 
were  fused  in  the  posterior  region  but  commu- 
nicated with  the  cloaca  (c.)  through  Wolffian 
ducts  (W.d.).  A blind  dorsal  diverticulum,  the 
cloacal  caecum  (c.c.),  was  also  present. 

Microscopically,  the  normal  testes  showed 
characteristic  interstitial  elements  and  seminif- 
erous tubules  with  cells  in  similar  stages  of 
spermatogenesis  (PI.  I,  Fig.  1 ).  Spermatocytes  in 
Metaphase  I,  with  conspicuous  bivalents,  were 
relatively  common.  The  lumen  of  some  of  the 
tubules  contained  mature  sperms,  each  with  a 
long  pointed  acrosome,  an  oval  head  (15  mi- 
crons along  the  long  axis),  a round  middle- 
piece  (about  1 micron  in  diameter)  and  a taper- 
ing tail  which  was  considerably  longer  than 
all  the  preceding  parts. 

The  normal  kidneys  were  covered  by  a thin 
layer  of  fibrous  tissue  in  which  fat  cells  and 
scattered  melanophores  occurred  (PI.  I,  Fig.  2). 
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Text-fig.  1.  A.— Diagrammatic  representation  of  the  normal  male  urogenital  system  in  Protopterus 
annectens  (Owen).  Dorsal  aspect.  B.— Diagram  of  the  urogenital  system  of  the  fish  with  spermato- 
cytoma.  Dorsal  view.  C.— Diagram  of  the  same  urogenital  system  as  in  B.  Ventral  view.  Stippled  areas 
represent  renal  tissue.  Abbreviations:  c.  cloaca;  c.c.  cloacal  caecum;  d.c.  degenerated  cloacal  region; 
d.f.t.  degenerated  formative  testis;  f.t.  formative  testis;  int.  large  intestine;  k.  kidney;  sp.  spermatocytoma; 
v.t.  vesicular  testis;  W.d.  Wolffian  duct. 


Typical  glomerular  and  tubular  structures  were 
present,  and  mitotically  active  hemopoietic  re- 
gions were  evident  near  the  surface  as  islets  of 
granulocytes  and  other  blood  elements  sur- 
rounded by  adipose  tissue. 

2.  Spermatocytoma 

The  growth  was  conspicuous  externally  by  a 
distention  of  the  posterior  part  of  the  body  in 
the  vicinity  of  the  pelvic  fins.  Internally,  the 
tumor  was  found  associated  with  the  urogenital 
system  and  was  localized  in  the  posterior  region 
at  a level  corresponding  to  the  vesicular  testes 
and  where  the  kidneys  are  normally  fused  (PI. 
II,  Figs.  3,  4).  The  anterior  parts  of  the  kidneys 
and  testes  were  not  invaded  by  the  growth.  On 
the  ventral  side,  it  was  found  to  involve  the  large 
intestine  (PI.  II,  Fig.  4);  the  cloaca  was  highly 
pigmented  and  showed  evidence  of  pathological 
changes.  The  tumor  was  a bilaterally  symmetri- 
cal ovoid,  solid  mass  which  measured  50  X 40 
X 20  mm  and  was  covered  by  a lightly  pig- 
mented capsule.  When  cut  sagitally  (PI.  II,  Fig. 
5 ) , the  growth  appeared  white  and  granular. 

Microscopically,  the  distal  portion  of  the  tes- 
ticular part  of  the  tumor  complex,  which  cor- 


responds to  the  formative  testes  in  the  normal 
fish,  lacked  seminiferous  tubules;  instead,  it  con- 
sisted of  an  extremely  thickened  fibrous  tube 
with  papillary  folds  lined  by  a single  layer  of 
“germinal  epithelium”  (PI.  Ill,  Fig.  6) . The  cells 
in  the  latter  were  large  and  round,  with  vesicular 
nuclei  12-22  microns  in  diameter  which  con- 
tained weakly-staining  fine  chromatin  strands 
and  one  or  two  small  but  conspicuous  nucleoli. 
These  cells  were  identified  as  early  spermato- 
gonia. The  fibrous  connective  tissue  contained 
peculiar  long,  spiral-shaped  nuclei  (PI.  Ill,  Fig. 
7)  and  scattered  melanophores,  granulocytes 
and  melanin-bearing  macrophages.  The  presence 
of  a few  mature  sperms  in  the  region  of  the 
tumor  which  corresponds  to  the  anterior  part 
of  the  vesicular  testes  in  the  normal  fish  sug- 
gested that  the  shortened,  fibrous  distal  part 
represented  the  formative  testes,  which  had  un- 
dergone considerable  change  in  character. 

The  spermatocytoma  occurred  in  the  region 
where  the  posterior  part  of  the  vesicular  testes 
is  found.  This  tumor  probably  arose  from  ves- 
tigial elements  of  germinative  nature.  Since 
there  was  no  evidence  of  vesicular  testes  and 
Wolffian  ducts,  it  is  assumed  that  these  struc- 
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tures  were  invaded  and  completely  obliterated 
by  the  proliferating  tumor  cells.  The  growth 
showed  no  cystic  or  teratomatous  formations, 
no  increased  numbers  of  interstitial  cells  or  con- 
cretions indicative  of  aging.  The  cellular 
elements  consisted  of  numerous  irregularly 
grouped,  round  primary  spermatocytes  and 
sparsely  developed  connective  tissue  (PI.  Ill, 
Fig.  8).  No  seminiferous  tubules  were  present 
and  degenerated  cells  were  rare.  Vascularization 
was  restricted  generally  to  the  surface  of  the 
growth  and  in  some  regions  there  were  groups 
of  plasma  cells,  although  no  inflammatory  re- 
action was  evident. 

The  primary  spermatocytes  in  the  tumor  tis- 
sue exhibited  stages  of  first  meiotic  prophase, 
such  as  diplotene,  and  diakinesis  with  charac- 
teristic chiasmata  (PI.  Ill,  Fig.  9).  Orientation 
of  bivalents  on  the  metaphase  plate,  anaphase 
separation  without  apparent  lagging  of  chromo- 
somes and  completed  telophase  were  also  seen. 
Whenever  it  was  possible  to  determine  the  num- 
ber of  chromosomes  in  Metaphase  I or  in  Meta- 
phase II,  it  corresponded  closely  to  the  number 
reported  by  Wickbom  (1945)  from  normal 
material,  namely  n=17.  In  addition  to  the  pri- 
mary spermatocytes,  other  stages  of  spermato- 
genesis were  occasionally  found.  Thus,  cells 
identified  as  spermatogonia  had  nuclei  charac- 
terized in  the  resting  stage  by  the  presence  of 
heterochromatic  bodies  (prochromosomes), 
varying  slightly  in  number,  but  relatively  similar 
in  size  and  shape.  Two  to  four  nucleoli  were 
observed  in  these  cells.  The  nuclear  diameter  of 
the  spermatogonia  was  approximately  13-15 
microns,  as  compared  to  the  nuclear  diameter 
of  10  microns  for  the  typical  primary  spermato- 
cytes and  7 to  8 microns  for  the  secondary 
spermatocytes.  In  division,  the  spermatogonia 
exhibited  the  hollow  spindle  characteristic  of 
this  group  of  animals  (Wickbom,  1945).  It  was 
assumed  that  meiosis  in  the  spermatocytoma 
was  successfully  completed  in  some  instances. 
Small  round  cells,  with  darkly  staining  nuclei  4 
to  5 microns  in  diameter,  found  in  groups  of 
fours,  were  believed  to  be  spermatids.  Mature 
sperms,  however,  were  not  found  in  the  tumor 
tissue. 

3.  Melanoma  of  the  Kidney 

The  spermatocytoma  grew  around  and  into 
part  of  the  posterior  kidney  with  very  little  or 
no  destruction  of  renal  tissue.  In  other  regions 
of  the  kidneys,  however,  there  was  an  extensive 
invasion  by  capsular  melanophores.  In  these 
areas,  the  capsule  was  especially  hypertrophied, 
measuring  about  2,000  microns  in  thickness, 
and  contained  tightly  packed  melanophores  (PI. 


IV,  Fig.  10)  which  infiltrated  the  glomerular, 
tubular  and  hemopoietic  regions  of  the  kidney 
(PI.  IV,  Fig.  11).  Many  of  the  tubular  elements 
showed  typical  hyaline  degeneration  (PI.  IV, 
Fig.  12).  Hemosiderin-like  bodies  of  various 
sizes  were  seen  in  the  cells  of  degenerating 
tubules  and  were  also  found  as  large  scattered 
deposits  in  these  regions.  A tubular  portion  of 
the  kidney,  located  outside  the  pigmented  cap- 
sule, was  apparently  undamaged;  it  was  supplied 
by  several  large  blood  vessels  passing  near  the 
surface. 

Discussion 

There  is  considerable  confusion  in  the  litera- 
ture concerning  the  nature  of  testicular  tumors. 
Ewing  (1940)  was  of  the  opinion  that  all  such 
tumors  are  teratomatous  in  origin.  Willis 
(1948),  however,  has  presented  evidence  to 
show  that  testicular  tumors  in  man  and  other 
mammals  can  be  separated  and  classified  as 
(1)  seminomas  or  spermatocytomas,  (2)  tera- 
tomas, (3)  carcinomas  or  adenomas  of  the  ex- 
cretory ducts  and  related  Sertoli-cell  tumors, 
and  (4)  interstitial-cell  tumors.  The  confusion 
is  due  in  part  to  the  fact  that  seminomas  may 
co-exist  with  teratomas  which  sometimes  oblit- 
erate the  structure  of  the  seminomas,  and,  in 
part,  to  the  fact  that  diagnostic  cellular  elements 
are  often  difficult  to  determine.  It  is  only  by 
careful  cytological  examination  that  one  can 
recognize  with  any  degree  of  certainty  the  cells 
of  mammalian  seminomas  as  spermatogonia  or 
spermatocytes.  No  such  difficulty  is  encountered 
in  the  testicular  tumor  of  the  lungfish,  even 
though  the  typical  seminiferous  tubule  arrange- 
ment is  absent.  Cytologically,  the  tumor  pre- 
sents a striking  picture  of  normal  spermatogene- 
sis. The  individual  cells  retain  the  characteristics 
of  the  species,  such  as  the  normal  number  of 
chromosomes,  before  and  after  reduction,  the 
hollow  spindle  in  the  diploid  cells  (spermato- 
gonia) and  the  typical  heterochromatic  bodies 
(prochromosomes)  in  the  resting  stage. 

Summary 

A spermatocytoma  and  a melanoma  of  the 
kidney  in  the  African  lungfish,  Protopterus  an- 
nectens  (Owen),  are  described.  This  is  appar- 
ently the  first  instance  of  such  tumors  reported 
for  fish.  The  spermatocytoma  had  its  origin  in 
the  posterior  part  of  the  vesicular  testes  and  was 
composed  chiefly  of  primary  spermatocytes  in 
various  stages  of  first  meiotic  division.  The 
growth  involved  the  vesicular  testes,  Wolffian 
ducts,  part  of  the  large  intestine  and  cloaca. 
The  melanoma  had  its  origin  in  the  pigmented 
capsule  of  the  kidney;  it  invaded  and  destroyed 
much  of  the  renal  parenchyma. 
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The  urogenital  system  of  the  normal  male 
Protopterus  annectens  is  redescribed  for  com- 
parison. 
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EXPLANATION  OF  THE  PLATES 


Plate  I 

Fig.  1.  Section  of  testis  and  kidney  of  a normal 
Protopterus  annectens.  The  seminiferous 
tubule  shows  mature  sperms  in  the  lumen. 
Note  also  the  granulocytopoietic  portion 
of  the  kidney.  Masson.  450  X. 

Fig.  2.  Excretory  part  of  the  kidney  with  thin 
fibrous  capsule  and  a few  melanophores 
in  the  subcapsular  region;  fatty  tissue 
around  the  kidney  with  granulocytic  blood 
elements.  Hematoxylin-eosin.  100  X. 

Plate  II 

Fig.  3.  Dorsal  view  of  the  spermatocytoma  of  the 
urogenital  system  of  Protopterus  annec- 
tens. Note  the  relative  size  of  kidneys  and 
testes  and  compare  with  Text-figure  1A. 
Less  than  actual  size. 

Fig.  4.  Ventral  view  of  the  spermatocytoma  show- 
ing the  relation  to  the  large  intestine.  Less 
than  actual  size. 

Fig.  5.  Spermatocytoma  cut  sagitally.  Thin  pig- 
mented connective  tissue  capsule  sur- 
rounding the  solid  white  granular  tumor. 
No  cystic  or  teratomatous  formations  are 
present.  Less  than  actual  size. 

Plate  III 

Fig.  6.  Section  through  part  of  the  distal  portion 
of  the  tumorous  testes  showing  thickened 
fibrous  walls  with  a single  layer  of  “ger- 
minal epithelium.”  This  part  corresponds 


anatomically  to  the  formative  testis  in  the 
normal  fish.  Note,  however,  the  lack  of 
seminiferous  tubules.  Hematoxylin-eosin. 
75  X. 

Fig.  7.  Elongated  spiral-shaped  nuclei  in  the 
fibrous  tissue  shown  in  Figure  6.  Hema- 
toxylin-eosin. About  1000  X. 

Fig.  8.  Characteristic  microscopic  view  of  the 
spermatocytoma.  The  majority  of  cells 
are  primary  spermatocytes  in  Prophase  I. 
The  typical  arrangement  into  seminiferous 
tubules,  however,  is  absent.  Masson’s 
stain.  1000  X. 

Fig.  9.  A few  cells  from  the  spermatocytoma;  one 
cell  showing  chiasma  formation,  others 
with  heterochromatic  bodies  typical  of  the 
resting  stage  in  this  species.  Masson’s  stain. 
1800  X. 

Plate  IV 

Fig.  10.  Thickened  capsular  area  of  the  kidney 
showing  extensive  destruction  of  the 
parenchyma  by  invading  melanophores. 
Masson’s  stain.  25  X. 

Fig.  11.  Details  showing  invasion  and  destruction 
of  the  granulocytopoietic  region  of  the 
kidney  by  capsular  melanophores.  1000  X. 

Fig.  12.  Tubular  region  of  the  kidney  with  me- 
lanoma showing  hyaline  degeneration  of 
the  tubular  cells.  Hematoxylin-eosin. 
250  X. 
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Revision  of  the  Eastern  Pacific  Fishes 
of  the  Clinid  Genus  Labrisomus 

Clark  Hubbs 

Department  of  Zoology,  University  of  Texas 
(Text-figures  1-9) 


DURING  my  investigation  of  the  eastern 
Pacific  clinid  fishes  (Hubbs,  1952) , I 
proposed  a partial  revision  of  the  genus 
Labrisomus  and  discussed  its  taxonomic  position. 
Further  study  of  the  specimens  on  which  my 
Labrisomus  conclusions  were  based,  and  of 
recently  collected  material,  has  made  possible 
a more  complete  analysis  of  the  eastern  Pacific 
species. 

I consider  that  the  eastern  Pacific  fishes  of  the 
genus  Labrisomus  comprise  eight  species:  stri- 
atus  new,  wigginsi  new,  dendriticus  (Reid), 
jenkinsi  (Heller  & Snodgrass),  philippii  Stein- 
dachner,  soccorroensis  new,  xantusi  Gill,  and 
multiporosus  new.  I group  these  eight  species 
in  three  subgenera:  striatus  in  Brockius  new, 
wigginsi  and  dendriticus  in  Odontoclinus  Reid, 
and  the  last  five  in  Labrisomus  Swainson.  The 
systematic  position  of  the  Atlantic  species  will 
be  discussed  in  another  paper.  I follow  my 
1952  conclusions  and  place  Labrisomus  and 
Malacoctenus  in  the  subtribe  Labrisomini,  which 
together  with  the  Calliclinini  forms  the  tribe 
Labrisomidi,  which  joins  the  Cryptotremidi, 
Starksiidi,  Paraclinidi,  and  Mnierpidi  to  com- 
prise the  subfamily  Labrisominae,  one  of  the  two 
subfamilies  of  the  Clinidae. 
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Methods 

The  measurements  and  counts  used  in  this 
work  are  those  defined  by  Hubbs  & Lagler 
(1947).  Counts  are  listed  by  the  extreme  range 
followed  by  the  typical  range  in  parentheses. 

Many  specimens  examined  are  catalogued  at 
several  museums.  The  following  abbreviations 
for  these  museums  are  used:  CAS  — California 
Academy  of  Sciences,  CNHM  — Chicago  Na- 
tural History  Museum,  MCZ  — Harvard  Mu- 
seum of  Comparative  Zoology,  SU  — Stanford 
Natural  History  Museum,  TNHC  — Texas  Na- 
tural History  Collection,  UCLA  — Zoological 
Collections  of  the  University  of  California  at 
Los  Angeles,  USNM  — United  States  National 
Museum. 
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Frequently  I use  specific  and  generic  names 
to  substitute  for  the  fish  populations  that  make 
up  that  species  or  genus.  It  is  obvious  that 
Labrisomus  xantusi  does  not  occur  throughout 
the  Gulf  of  California,  but  that  specimens 
sampled  from  the  populations  comprising  the 
species  that  is  called  Labrisomus  xantusi  have 
been  collected  throughout  the  Gulf  of  California. 
Xantusi  is  not  included  in  Labrisomus,  but  the 
fishes  collected  from  the  populations  comprising 
the  species  xantusi  have  morphologic  (and  prob- 
ably genetic  and  physiologic)  characters  in  com- 
mon with  specimens  sampled  from  other  popu- 
lations that  make  up  the  other  species  that  are 
included  in  Labrisomus.  In  each  of  the  above 
examples  the  first  statement  is  briefer  and  more 
easily  understood  than  the  longer  and  compli- 
cated restatement,  which  is  more  precise.  The 
utilization  of  a brief  and  more  easily  understood 
style  is  preferable  if  both  the  author  and  the 
reader  understand  that  the  scientific  name  also 
stands  for  the  populations  comprising  that 
species. 

Nomenclature 

The  name  Lafemomwswasproposed  by  Swain- 
son  (1839).  He  included  12  species  (two  doubt- 
fully), all  proposed  by  Cuvier  & Valenciennes, 
and  designated  Clinus  pectinifer  as  type.  Only 
two  of  the  12,  capillatus  and  pectinifer,  are  here 
retained  in  Labrisomus.  Both  species  have  been 
considered  by  recent  authors  as  synonyms  of 
Clinus  nuchipinnis  Quoy  & Gaimard.  The  other 
ten  species  have  been  placed  in  various  genera 
by  subsequent  authors.  I place  them  in  the  fol- 
lowing genera : delalandi  in  closely  related  Mala- 
coctenus  Gill;  variolosus,  microcirrhis  and  peru- 
vianus  in  Auchenionchus  Gill,  a genus  which  I 
place  in  the  tribe  Labrisomidi;  geniguttatus  and 
elegans  in  Calliclinus  Gill,  also  included  in  the 
Labrisomidi  and  together  with  Auchenionchus 
in  the  subtribe  Calliclinini;  latipennis  in  Clinus 
Cuvier,  considered  a member  of  the  Clininae; 
linearis  in  Blennioclinus  Gill,  also  a member  of 
the  Clininae;  gobio  in  Tripterygion  Risso  or  a 
related  genus  in  the  family  Tripterygiidae;  and 
littoreus  in  the  percoid  genus  Acanthoclinus. 

Gill  (1860)  regrouped  in  several  genera  the 
species  included  in  Labrisomus  by  Swainson.  Of 
the  five  species  Gill  placed  in  Labrisomus  (he 
changed  the  spelling  to  Labrosomus ) , two,  pec- 
tinifer and  capillatus,  remained  from  Swainson’s 
inclusive  genus;  two,  fasciatus  (Castlenau)  and 
herminieri  (LeSueur) , were  for  the  first  time 
included  in  Labrisomus;  the  fifth,  xantusi,  de- 
scribed in  Gill’s  paper,  extended  the  known 
generic  range  to  the  eastern  Pacific. 

During  subsequent  years  many  authors  have 
added  to  the  knowledge  of  the  group.  However, 


most  are  local  faunal  studies,  such  as  that  of  a 
particular  West  Indian  island.  Often  these  papers 
include  as  new  species  all  Labrisomus  except  the 
one  that  looks  like  nuchipinnis;  probably  many 
must  be  reduced  to  synonymy. 

For  the  three  subgenera  1 have  set  up,  Labri- 
somus is,  of  course,  available  for  one.  For  the 
other  two,  three  available  names  were  consid- 
ered: Lepisoma,  Ericteis  and  Odontoclinus. 
DeKay  (1842)  proposed  Lepisoma  for  his  new 
species  cirrhosum.  As  cirrhosum  is  probably  a 
synonym  of  Labrisomus  nuchipinnis  (of  which 
L.  pectinifer  is  also  probably  a synonym)  I con- 
sider Lepisoma  a synonym  of  the  subgenus  Lab- 
risomus and  as  such,  available  only  as  a substi- 
tute for  Labrisomus.  The  next  oldest  available 
name  is  Ericteis  proposed  by  Jordan  (1904)  to 
include  E.  kalisherae  Jordan.  Until  the  Atlantic 
species  of  Labrisomus  are  further  examined,  it 
is  not  possible  to  determine  the  exact  systematic 
position  of  kalisherae  and  whether  Ericteis 
should  be  used  for  another  subgroup  of  Labri- 
somus species.  The  third  name,  Odontoclinus, 
proposed  by  Reid  (1935)  for  O.  dendriticus 
Reid,  is  used  here.  It  is  therefore  necessary  to 
propose  a new  name  for  the  third  subgenus. 

Only  five  names  are  available  for  eastern  Paci- 
fic species  of  Labrisomus.  Four  — xantusi  Gill, 
philippii  Steindachner,  jenkinsi  (Heller  & Snod- 
grass) , and  dendriticus  (Reid)  — apply  to  species 
here  regarded  as  distinct.  The  fifth,  fortidentatus 
(Cope) , is  probably  a synonym  of  philippii.  The 
nine  other  specific  names  for  eastern  Pacific 
fishes  which  have  been  associated  with  the  name 
Labrisomus  (in  addition  to  the  eight  listed  by 
Swainson),  I refer  to  the  following  genera:  L. 
afuerae  Hildebrand  and  Clinus  zonifer  Jordan 
& Gilbert  to  Malacoctenus;  Clinus  niger  Philippi 
to  Auchenionchus;  Clinus  guttulatus  Cuvier  & 
Valenciennes,  C.  crinitus  Jenyns  and  Labrisomus 
coventryi  Fowler  to  Myersichthys;  Labrisomus 
cremnobates  Gilbert  to  Starksia;  Clinus  macro- 
cephalus  Gunther  to  Mnierpes;  and  Clinus  fer- 
nandezianus  Guichenot  to  Myxodes. 

Range  and  Zoogeography 

The  range  of  the  genus  extends  beyond  the 
eastern  Pacific.  On  the  Atlantic  coast  of  the 
Americas  it  extends  from  the  vicinity  of  Rio  de 
Janeiro  (Miranda  Ribeiro,  1918)  to  the  southern 
coasts  of  the  United  States  (Breder,  1929). 
Records  are  available  from  all  well-collected 
continental  islands  and  Bermuda  (Beebe  & Tee- 
Van,  1933).  One  or  more  species  are  recorded 
from  the  African  coast  between  Dakar  and 
Annobon  Island  (Steinitz,  1950);  as  on  the 
American  coast,  Labrisomus  specimens  have 
been  recorded  from  many  continental  islands 
and  the  Canaries  (Steinitz,  1950) . In  the  eastern 
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Pacific  the  genus  ranges  from  the  northern  part 
of  the  Gulf  of  California  and  Sebastian  Vizcaino 
Bay,  Baja  California,  to  Coquimbo,  Chile  (Del- 
fin,  1901). 

The  stem  species  of  the  subtribe  Labrisomini 
is  believed  to  have  become  distinct  from  the 
more  temperate  stem  species  of  the  Calliclinini  in 
tropical  American  seas.  Later  two  labrisomine 
species  developed,  the  more  primitive  giving  rise 
to  the  genus  Labrisomus  and  the  more  special- 
ized to  Malacoctenus.  The  latter  is  considered 
the  more  specialized  because  of  the  absence  of 
such  typically  clinid  characters  as:  small  teeth 
behind  the  main  rows  of  jaw  teeth;  the  scales  on 
the  dorsal  and  anal  fins;  and  the  scales  on  the 
upper  margin  of  the  opercle.  Labrisomus  are 
more  specialized  than  Malacoctenus  only  in  the 
frequent  absence  of  long  anterior  dorsal  spines. 
The  fishes  of  the  subgenus  Labrisomus  have  no 
marked  primitive  characters.  The  other  Pacific 
subgenera  have  primitive  characters:  Odonto- 
clinus  with  elongate  first  dorsal  spines  and 
Brockius  with  a typical  clinid  posterior  lateral 
line  character  — a tube  with  a pore  at  each  end 
on  all  lateral  line  scales  posterior  to  the  anterior 
arc;  likewise  these  sub  genera  have  Malacoc- 
tenus- like  characters:  Odontoclinus  with  fewer 
scales  on  the  head,  dorsal  fin  and  anal  fin  and 
Brockius  with  large  body  scales.  The  determina- 
tion of  the  primitive  species  must  be  postponed 
until  the  Atlantic  species  are  revised. 

I believe  that  Labrisomus  were  widespread  in 
tropical  America  prior  to  the  elevation  of  the 
Isthmus  of  Panama  during  the  Pliocene.  The 
African  Labrisomus  are  believed  to  descend 
from  one  or  more  successful  Atlantic  crossings 
after  subgenera  were  evolved.  I can  not  agree 
with  Steinitz’  (1950)  conclusion  that  the  Afri- 
can species  is  a relic  of  a Tethys  species  and 
has  remained  undifferentiated  from  a single  one 
of  the  many  American  species  (nuchipinnis) . 
Steinitz  admits  that  his  results,  based  on  litera- 
ture alone,  are  “not  quite  satisfactory.”  Labri- 
somus canariensis  (Valenciennes)  can  be  dis- 
tinguished from  L.  nuchipinnis  by:  one  or  two 
instead  of  ten  or  more  scales  on  the  upper  edge 
of  the  opercle;  a larger  patch  of  palatine  teeth; 
and  each  nuchal  comb  of  cirri  narrower  than 
the  interspace.  I feel  that  the  African  Labriso- 
mus descend  from  random  dispersal  on  the 
equatorial  counter  current.  It  is  not  surprising 
that  Labrisomus  have  succeeded  in  colonizing 
the  west  coast  of  Africa  because  their  larval 
pelagic  stages  are  very  extended  — the  longest 
of  any  clinid  I know  ( see  below) . 

The  genus  occurs  in  the  Tropical  Atlanto- 
East-Pacific  Zoogeographic  Region  of  Ekman 
(1953).  Only  two  species  are  known  to  exist 
outside  of  the  tropics:  L.  philippii  in  the  north- 


ern part  of  the  Peruvian-North  Chilean  Region 
and  L.  canariensis  on  the  Canaries,  which  bound 
the  Tropical  West-African  Region  to  the  north. 
With  these  exceptions  the  known  limits  of  the 
genus  closely  follow  the  limits  of  the  three  tropi- 
cal regions  listed  above,  as  for  example:  L. 
pedatipennis  (Rochebrune),  which  may  be  a 
synonym  of  L.  canariensis,  occurs  over  most  of 
the  Tropical  West-African  Region;  L.  nuchipin- 
nis (or  closely  related  species)  is  found  from  the 
coasts  of  central  Brazil  to  the  Southern  United 
States;  L.  multiporosus  has  its  southern  limit  at 
the  southern  boundary  of  the  Tropical  Pacific- 
American  Region;  and  L.  xantusi  has  its  north- 
ern limit  at  the  northern  boundary  of  the  same 
region. 

The  distribution  of  the  specimens  examined 
for  this  paper  is  shown  on  Text-figure  1.  The 
most  intensively  collected  areas  are  Baja  Cali- 
fornia and  the  Gulf  of  California,  the  Galapagos 
Islands,  Costa  Rica  and  Panama,  and  Peru.  The 
other  regions  may  have  one  extensively  collected 
locality,  i.e.,  Acapulco  in  southern  Mexico,  but 
otherwise  are  basically  uncollected.  The  scarcity 
of  specimens  from  Costa  Rica  and  Panama  is 
striking  when  compared  with  the  extensive  series 
of  the  closely  related  genus  Paraclinus  collected 
by  William  Beebe  et  al.  (Hubbs,  1952) . Meek  & 
Hildebrand  (1928)  reported  only  three  Pacific 
specimens  of  Labrisomus  compared  with  78 
specimens  of  Paraclinus  monophthalmus.  The 
marked  concentration  of  abundance  at  the 
margins  of  the  tropics  may  not  be  repeated  in 
Atlantic  waters,  as  Meek  & Hildebrand  found 
L.  nuchipinnis  abundant  at  their  Atlantic  sta- 
tions. 

The  subdivisions  of  the  Tropical  Pacific- 
American  Region  proposed  in  my  previous  paper 
(Hubbs,  1952)  are  only  partially  supported  by 
Labrisomus  distributional  data.  The  “two  un- 
described species”  that  come  into  contact  in 
the  vicinity  of  Bahia  Honda,  Panama,  are  now 
believed  merely  to  represent  geographic  races  of 
L.  multiporosus.  The  Panamanian  race  is  prob- 
ably not  subspecifically  distinct  from  the  Mex- 
ican. The  sharp  line  of  demarcation  between  the 
Gulf  of  California  and  Mexican  faunas  is  not 
obvious  from  Labrisomus  zoogeography.  Both 
striatus  and  wigginsi  are  absent  from  the  Gulf, 
but  the  scarcity  of  specimens  of  both  species 
leads  me  to  believe  that  future  collecting  will 
extend  their  ranges.  The  Gulf  species,  xantusi, 
is  known  on  the  outer  coast  of  Baja  California 
and  is  the  most  common  Labrisomus  at  the 
border  of  the  temperate  zone.  Although  xantusi 
is  not  known  on  the  mainland  coast  of  Mexico 
south  of  Mazatlan,  I believe  that  future  collec- 
tions will  extend  the  known  range  southward. 
Examination  of  additional  specimens  has  shown 
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that  L.  multiporosus  occurs  in  a large  part  of  the 
Gulf  of  California.  Although  it  is  known  in 
northern  Gulf  of  California  waters,  it  is  most 
abundant  near  Mazatlan;  i.e.,  on  the  mainland 


coast  north  of  Punta  Penasco  none  of  the  88 
Labrisomus  are  multiporosus;  just  south  of 
Punta  Penasco  four  of  the  85  are  multiporosus-, 
at  Puerto  Libertad  five  of  the  24  are  multi- 
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porosus;  at  Bahia  Kino  one  of  the  23  is  multi- 
porosus;  near  Guaymas  65  of  the  189  are  multi- 
porosus; at  Topolebampo  the  only  specimen  is 
xantusi;  and  near  Mazatlan  54  of  the  65  are 
multiporosus.  The  relative  abundance  of  xantusi 
and  multiporosus  in  the  Gulf  of  California  north 
of  Mazatlan  is  rather  consistent  south  of  Punta 
Penasco,  where  there  is  a decided  temperature 
change.  This  is  more  evident  when  a single  col- 
lection, UCLA  W52-12,  is  excluded  from  the 
Guaymas  sample,  resulting  in  22  of  the  137 
being  multiporosus.  This  collection  and  others 
which  show  a high  multiporosus  frequency 
within  the  sympatric  range  are  from  sandy  bot- 
tom with  scattered  rocks. 

Labrisomus  Swainson 

Labrisomus  Swainson,  1839:  277  (type  Clinus 
pectinifer  Cuvier  & Valenciennes  by  original 
designation). 

Lepisoma  DeKay,  1842:  41  (type  Lepisoma  cir- 
rhosum  DeKay  by  monotypy) . 

Labrosomus  Gill,  1860:  105  (substitute  spelling 
for  Labrisomus  Swainson,  same  type) . 

Ericteis  Jordan,  1904:  543  (type  Ericteis  kali- 
sherae  Jordan  by  original  designation). 
Odontoclinus  Reid,  1935:  164  (type  Odonto- 
clinus  dendriticus  Reid  by  original  designa- 
tion) . 

Although  the  following  discussion  is  based 
on  Pacific  specimens,  all  Atlantic  specimens 
which  I have  examined  agree  with  the  descrip- 
tion. 

Dorsal  XVII  to  XX,  10  to  13  (10  to  12) ; anal 
II,  16  to  20  (17  to  20);  caudal  11  to  12  (11); 
pectorals  13  to  16  (13  to  15);  pelvics  I,  3. 

Scales—  Lateral  line  42  to  74;  dorsal  posteri- 
orly to  lateral  line  5 to  30.  Head  naked  (sub- 
genus Odontoclinus)  or  scaled  on  cheek  (stri- 
atus,  soccorroensis  and  philippii ) and  dorsal  part 
of  opercle  ( Labrisomus  and  Brockius) . Patch  of 
scales  on  each  membrane  behind  the  first  to 
fifth  dorsal  spines  (except  dendriticus,  with  the 
dorsal  naked  except  between  the  seventeenth 
spine  and  fourth  soft  ray).  Anal  naked  ( Odon- 
toclinus) to  scaled  on  all  membranes  (soccor- 
roensis). Proximal  part  of  caudal  scaled.  Pec- 
torals naked  (dendriticus)  or  proximal  base 
scaled.  Pelvics  naked.  Pectoral  base  heavily 
scaled.  Pelvic  base  naked  between  and  behind 
fins.  Smaller  scales  on  belly  in  all  species  except 
striatus.  Midline  at  nape  naked  (Odontoclinus) 
or  scaled.  Twelve  to  20  radii  on  posterior  sur- 
face of  body  scales  of  adult.  Scales  form  toward 
the  end  of  the  postlarval  stage,  first  on  middle 
of  side  anteriorly  and  then  ventrally,  dorsally 
and  posteriorly. 

Teeth—  Premaxillaries  and  mandibles  with  an 


outer  row  of  enlarged  conical  teeth  enclosing  an 
inner  band  of  smaller  teeth.  The  band  is  more 
extensive  on  the  upper  jaw;  posterior  enlarged 
teeth  occur  only  in  dendriticus.  Vomerine  teeth 
present.  Palatines  toothed  or  not. 

Gill-rakers— 2 to  4 + 6 to  9,  those  on  the 
upper  arch  short  and  frequently  branched,  those 
on  lower  arch  longer  and  simpler. 

Lateral  Line.— The  mam  canal  runs  posteriorly 
to  a point  approximately  above  the  anus,  drops 
gently  to  the  midiine,  on  which  it  extends  to  the 
caudal  fin.  The  scales  on  the  anterior  arc  bear 
two  external  pores  on  their  posterior  surfaces, 
one  on  each  side  of  the  canal,  and  an  anterior 
pore  that  lies  beneath  the  preceding  scale.  A 
varying  number  of  the  scales  on  the  posterior 
straight  segment  resemble  anterior  scales;  the 
remainder  have  a canal  with  a pore  at  each  end. 
In  postlarvae  the  posterior  scales  bear  a simple 
pore  in  the  scale  center.  The  head  canals  are 
typical  with  varying  numbers  of  pores  on  branch 
canals.  There  is  always  a branch  of  the  pre- 
opercular  canal  at  the  middle  of  the  opercle  ex- 
tending onto  the  opercle.  There  are  many  side 
branches  to  the  suborbital  canal. 

Fins— The  fourth  and  fifth  dorsal  spines  may 
be  much  shorter  than  those  anteriorly  and  pos- 
teriorly. There  is  a more  or  less  noticeable  in- 
dentation at  the  next-to-last  spine.  The  soft  rays 
are  markedly  longer  than  most  spines  (the  first 
and  second  spines  of  dendriticus  approximate 
the  soft  ray  length).  The  soft  rays  are  closer  to- 
gether than  the  spines,  which  are  farthest  apart 
anteriorly. 

Caudal  rounded.  Its  length  equals  the  distance 
between  the  bases  of  the  first  and  seventh  to 
tenth  dorsal  spines. 

The  first  anal  spine  is  contained  from  1.2  to 
1.5  and  2.0  to  2.6  times  in  the  second  spine  and 
first  soft  ray  respectively.  The  soft  ray  lengths 
remain  equal  or  gradually  increase  as  far  as  the 
twelfth,  then  become  greater  for  about  three 
or  four  rays;  the  last  two  or  three  are  noticeably 
shorter.  The  last  ray  is  not  bound  to  the  caudal 
peduncle  by  a membrane. 

The  longest  ray  of  the  pointed  pectorals 
reaches  a point  above  the  first  four  anal  soft  rays. 

The  pelvic  spine  is  splinted  to  the  first  soft 
ray.  The  second  soft  ray,  the  longest,  does  not 
extend  posterior  to  the  anus.  The  first  and  third 
soft  rays  are  approximately  equal  in  length.  The 
third  is  thinner  than  the  first  and  second.  The 
membrane  between  the  first  two  soft  rays  is 
deeply  incised,  that  between  the  second  and 
third  soft  rays  scarcely  incised. 

Head.— Contained  2.8  to  3.4  times  in  the 
standard  length.  The  mouth  is  terminal  but  be- 
low the  midline.  The  thick  lips  vary  from  half 
of  to  equal  to  the  suborbital.  The  slightly  de- 
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curved  mouth  reaches  a point  below  the  eye. 
Round  eye  at  or  near  the  dorsal  profile.  Pre- 
opercle  and  opercle  rounded  and  entire.  Six 
branchiostegal  rays. 

Profile—  The  profile  is  straight  or  slightly  con- 
cave as  it  rises  steeply  to  the  eye  (more  so  in 
large  specimens).  After  following  the  dorsal  rim 
of  the  orbit  more  or  less  closely,  it  straightens 
and  rises  gently  to  the  occiput,  where  it  becomes 
convex  and  rises  rather  steeply  to  the  first  dorsal 
spine,  where  it  straightens  and  rises  more  gently 
to  about  the  fifth  spine  (the  region  of  greatest 
body  depth) . The  profile  drops  evenly  and  gently 
along  the  posterior  dorsal  spines  and  more  steep- 
ly along  the  dorsal  soft  rays  to  the  horizontal 
caudal  peduncle.  The  peduncle  depth  and  length 
are  both  approximately  one-tenth  of  the  standard 
length. 

Cirri.— Three  pairs  of  cirri  are  present  on  the 
head:  nuchal,  supra-orbital  and  narial.  The 
latter  two  arise  from  single  rounded  stalks  and 
have  many  more  or  less  equal  branches.  The 
nuchal  patch  is  comb-like. 

Colors—  Similar  to  most  clinids,  the  life  col- 
ors of  this  genus  are  variable  both  inter-  and 
intraspecifically.  With  few  exceptions  melanin 
pigment  forms  the  major  element  of  the  color 
pattern. 

Habitat—  All  species  for  which  adequate  col- 
lection data  are  available  live  on  rocky  bottom. 
All  Pacific  species  except  L.  striatus  are  inter- 
tidal. 

Nongenetic  Intraspecific  Variation 

All  species  of  Labrisomus  for  which  adequate 
data  are  available  show  considerable  nongenetic 
variation.  This  variation  is  of  two  types:  varia- 
tion of  proportional  lengths  with  age  and  color 
variation  with  the  habitat. 

The  marked  change  in  proportional  length 
of  L.  philippii  shown  by  Evermann  & Radcliffe 
(1917:  pi.  13,  fig.  1)  has  been  found  in  all 
species  for  which  I have  an  adequate  size  range 
( xantusi , multiporosus,  dendriticus  and  nuchi- 
pinnis).  The  specimens  examined  of  the  re- 
maining species  cover  too  narrow  a size  range 
to  determine  without  doubt  if  they  exhibit 
the  same  phenomenon;  however,  all  available 
data  indicate  parallel  changes.  The  head  length 
does  not  vary  noticeably  with  age,  but  that 
of  the  male  averages  longer  than  that  of  the 
female.  Similar  to  other  clinids  the  upper  jaw 
length  becomes  greater  with  age,  most  markedly 
in  males.  As  in  most  fishes  the  eye  becomes  pro- 
portionally smaller  with  age.  Correlated  with 
this  change,  all  measurements  based  on  a rim 
of  the  orbit  become  greater  with  age.  The  pro- 
portional fin  ray  lengths  become  slightly  smaller 
with  age.  The  number  of  branches  of  the  cirri 


on  the  head  increases  with  age;  however,  the 
proportional  width  of  the  base  of  the  nuchal 
cirri  remains  constant  in  all  species  except  L. 
philippii.  The  number  of  scales  on  the  head  and 
fins  increases  with  age.  The  number  of  teeth  on 
the  roof  of  the  mouth  increases  with  size.  The 
most  marked  change  of  all  is  the  increase  of  the 
relative  depth  of  the  body  anteriorly  compared 
with  the  depth  posteriorly. 

The  variation  of  color  pattern  with  habitat  ex- 
hibited by  most  clinids  is  repeated  by  Labriso- 
mus specimens.  The  patterns  given  in  the  fol- 
lowing descriptions  are  the  most  distinct  avail- 
able. In  each  species  except  striatus  and  wigginsi, 
specimens  with  an  almost  uniformly  plain  color 
pattern  have  been  examined.  All  intermediate 
stages  between  the  plain  and  very  distinct  color 
phases  are  available  on  specimens  of  xantusi, 
multiporosus  and  nuchipinnis.  Although  the 
scarcity  of  specimens  of  striatus,  wigginsi,  den- 
driticus, jenkinsi,  philippii  and  soccorroensis 
hinders  the  determination  of  the  limits  of  the 
color  variation  within  these  species,  it  is  prob- 
able that  color  variations  similar  to  those  found 
in  xantusi,  etc.,  occur.  The  series  of  each  species 
examined  indicates  that  all  species  may  have  a 
plain  color  phase.  It  is  also  probable  that  future 
collections  will  contain  dendriticus,  jenkinsi  and 
philippii  specimens  which  have  more  distinct 
color  patterns  than  those  described. 

Postlarvae 

Pelagic  postlarvae  of  Labrisomus  have  been 
collected  frequently  under  night  lights  in  the 
eastern  tropical  Pacific.  Although  the  post- 
larvae of  only  two  species  ( dendriticus  and  mul- 
tiporosus) have  been  identified  in  night  light 
collections,  the  remaining  six  species  probably 
have  pelagic  postlarvae.  The  postlarvae  of  xan- 
tusi very  probably  are  present  in  existing  col- 
lections, but  the  close  similarity  of  xantusi  and 
multiporosus  makes  it  difficult  to  ascertain 
whether  postlarvae  of  both  occur  under  the 
night  lights  in  their  sympatric  range.  The  wide 
size  variation  of  Labrisomus  postlarvae  from 
the  Gulf  of  California  and  Baja  California  col- 
lections strongly  indicates  that  more  than  one 
species  is  represented,  as  L.  dendriticus  postlar- 
val  collections  are  of  a very  uniform  size  range. 
Postlarvae  of  multiporosus  have  been  taken  far 
to  the  south  of  the  range  of  xantusi.  A single 
transforming  postlarva  of  wigginsi  was  collected 
from  a tidal  pool. 

The  most  complete  Labrisomus  postlarval 
collections  are  those  of  L.  dendriticus  from  the 
Galapagos.  Of  the  99  dendriticus  specimens  I 
have  examined,  92  are  postlarvae.  All  92  were 
collected  between  April  15  and  June  9.  Each 
sample  includes  specimens  of  approximately 
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equal  size  — the  largest  sample,  taken  on  May  21, 
1932  (32  specimens),  varies  from  21  to  24.5 
mm  standard  length.  The  April  samples  (12 
specimens)  vary  from  19  to  22.5  mm.  As  the 
January  collections,  which  contain  the  smallest 
transformed  individuals  (all  three  ca.  35  mm), 
are  not  accompanied  by  postlarvae,  it  is  prob- 
able that  L.  dendriticus  spawns  annually  in 
March.  In  any  case  L.  dendriticus  postlarvae  are 
in  a pelagic  stage  from  the  middle  of  April  to 
the  first  weeks  of  June.  Parallel  evidence  is 
available  for  L.  multiporosus;  however,  the  post- 
larval  collections  are  scattered  geographically 
and  many  of  the  collections  are  from  within  its 
sympatric  range  with  L.  xantusi,  from  which 
L.  multiporosus  postlarvae  have  not  been  dis- 
tinguished. The  long  pelagic  stage  helps  to  ex- 
plain the  presence  of  Labrisomus  species  far 
from  the  center  of  labrisomine  origin  (Central 
America)  on  coasts  where  they  are  the  only 
known  members  of  the  Labrisominae. 

I believe  that  the  postlarval  stage  of  other 
clinids  is  shorter  than  that  of  Labrisomus.  I 
have  examined  postlarvae  of  only  four  genera: 
Gibbonsia,  Cryptotrema,  Alloclinus  and  Mala- 
coctenus.  As  Gibbonsia  postlarvae  are  more 
frequently  collected  intertidally  than  pelagically, 
I believe  that  Gibbonsia  species  do  not  dis- 
seminate widely  while  postlarvae.  Cryptotrema 
and  Alloclinus  postlarvae  (and  adults)  are  too 
rare  to  show  detailed  distributional  trends.  With 
the  exception  of  the  Galapagos  endemic,  M.  zon- 
ogaster,  Malacoctenus  postlarvae  are  extremely 
rare  (I  have  examined  one  specimen) . The  pres- 
ence of  zonogaster  on  the  Galapagos  may  have 
resulted  from  its  ancestors’  possession  of  a 
longer  pelagic  stage  than  other  species  of 
Malacoctenus. 

Key  to  Eastern  Pacific  Species 

la.  Lateral  line  scales  fewer  than  45;  scales  on 

posterior  segment  of  lateral  line  with  a pore 
at  anterior  end  of  exposed  area;  membranes 
between  anterior  dorsal  spines  deeply  in- 
cised (one-half  of  following  spine  length); 
last  dorsal  ray  almost  free  from  caudal 
peduncle;  narial  cirri  length  about  1.5  in 
opercle;  body  speckled  with  dark  spots  ar- 
ranged in  irregular  stripes;  body  scales  with 
light  central  marks  forming  longitudinal 
stripes L.  ( Brockius ) striatus 

lb.  Lateral  line  scales  more  than  57;  more  than 
three-fourths  of  the  scales  on  posterior  seg- 
ment of  lateral  line  with  anterior  pore  cov- 
ered by  preceding  scale;  membranes  be- 
tween anterior  dorsal  spines  slightly  incised 
(one-fourth  or  less  of  following  spine 
length);  last  dorsal  ray  bound  down  for 
three-fourths  or  more  of  its  length  by  a 


membrane  which  is  attached  to  the  caudal 
peduncle;  narial  cirri  length  about  3.0  in 
opercle;  body  color  pattern  typically  barred 
and  never  having  alternating  light  and  dark 
fine  stripes 2 

2a.  First  dorsal  spine  longer  than  opercle 
length;  major  indentation  of  dorsal  out- 
line at  fourth  to  fifth  spines  (another 
may  be  present  at  posterior  end  of  dorsal 

spines);  head  naked;  anal  naked 

( Odontoclinus ) 3 

3a.  Dorsal  spines  17  to  18;  anal  soft  rays 
16  to  17;  pectoral  rays  14  to  15  (15); 
scale  radii  about  13;  vomerine  and 
palatine  teeth  equally  large;  no  en- 
larged canines  behind  patch  of  small 
teeth  on  jaws;  nuchal  cirri  length 
equal  to  opercle  length;  first  dorsal 
spine  distinctly  shorter  than  dorsal 

soft  rays  

L.  ( Odontoclinus ) wigginsi 

3b.  Dorsal  spines  20;  anal  soft  rays  19 
to  20;  pectoral  rays  13;  scale  radii 
about  20;  palatine  teeth  larger  than 
vomerine  teeth;  an  enlarged  canine 
behind  patch  of  small  teeth  on  each 
side  of  each  jaw;  nuchal  cirri  length 
approximately  half  opercle  length; 
first  dorsal  spine  longer  than,  or 

equal  to,  the  dorsal  soft  rays 

....  L.  ( Odontoclinus ) dendriticus 

2b.  First  dorsal  spine  shorter  than  opercle 
length;  major  indentation  of  dorsal  out- 
line (if  present)  at  posterior  end  of  dor- 
sal spines;  at  least  a few  scales  at  upper 
margin  of  opercle;  small  patch  of  scales 
on  membranes  in  front  of  posterior  anal 
rays ( Labrisomus ) 4 

4a.  Fewer  than  63  lateral  line  scales; 
caudal  peduncle  depth  more  than 

9.1%  of  standard  length 

L.  ( Labrisomus ) jenkinsi 

4b.  More  than  63  lateral  line  scales; 
caudal  peduncle  depth  less  than 
9.1%  of  standard  length  (except  in 
L.  philippii) 5 

5a.  Fifteen  to  16  pectoral  rays;  lateral 
line  scales  70  to  74  (rarely  68 
and  69);  tenth  dorsal  spine  less 
than  10%  of  standard  length; 
width  of  nape  cirrus  less  than 
3.8%  of  standard  length;  caudal 
peduncle  depth  more  than  9.1% 
of  standard  length;  cirri  short,  all 
less  than  one-half  of  opercle 

length 

L.  ( Labrisomus ) philippii 
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5b.  Fourteen  (rarely  13  and  15)  pec- 
toral rays;  lateral  line  scales  64 
to  68  (rarely  69) ; tenth  dorsal 
spine  more  than  10%  of  standard 
length;  width  of  nape  cirrus  more 
than  3.6%  of  standard  length 
(except  in  L.  xantusi  with  2.4  to 
3.6%);  caudal  peduncle  depth 
less  than  9.1%  of  standard 
length;  cirri  longer,  supra-orbital 
and  nuchal  more  than  one-half  of 

opercle  length 6 

6a.  Many  scales  on  cheek  and 
along  entire  dorsal  part  of 
opercle  . . .L.  ( Labrisomus ) 
soccorroensis 
6b.  Cheeks  naked  and  fewer 
than  30  scales  in  patch  on 
upper  margin  of  opercle  . . 7 * 
7a.  Few  lateral  line  pores  on 
head:  branch  of  pre- 

opercular  canal  at  middle 
of  opercle  extends  less 
than  one-fourth  the  dis- 
tance across  the  opercle 
(normally  three  or  fewer 
pores  arise  from  this 
branch),  no  pores  pos- 
teroventral  to  opercular 
scale  patch,  branch  of 
suborbital  canal  reaches 
half  way  to  tip  of  maxil- 
lary, major  part  of  occi- 
pital region  with  no 
pores;  no  palatine  teeth; 
more  than  ten  scales  in 
opercular  scale  patch  . . 
L.  ( Labrisomus ) xantusi 
7b.  Many  lateral  line  pores 
on  head:  branch  of  pre- 
opercular  canal  at  middle 
of  opercle  extends  to  mid- 
point of  opercle  (norm- 
ally five  or  more  pores 
arise  from  this  branch), 
a few  pores  posteroven- 
tral  to  opercular  scale 
patch,  branch  of  suborbi- 
tal canal  reaches  region  of 
tip  of  maxillary,  all  parts 
of  occipital  region  with 
pores;  palatine  teeth  pres- 

* L.  nuchipinnis  and  canariensis,  which  key  to  this 
point,  can  be  distinguished  from  L.  xantusi  and  L.  mul- 
tiporosus  by  the  dark  ocellus  on  the  opercle  of  the 
Atlantic  species.  L.  nuchipinnis  also  has  the  branch 
of  the  pre-opercular  canal  at  middle  of  opercle  extend- 
ing to  midpoint  of  opercle  and  no  pores  posteroventral 
to  the  opercular  scale  patch. 


ent;  fewer  than  ten  scales 
in  opercular  scale  patch  . 
L.  ( Labrisomus ) 

multiporosus 

Brockius,  new  subgenus 

Ericteis  Hubbs,  1952:  105  (not  of  Jordan, 

1904). 

The  eastern  Pacific  Labrisomus  which  I con- 
sidered to  belong  in  Ericteis  is  now  considered 
to  be  the  type  of  a distinct  subgenus.  Brockius 
and  Ericteis  can  be  distinguished  by  the  former 
having:  larger  scales  (42  to  44  versus  49  to  52 
in  the  lateral  line) , deep  incisions  between  the 
dorsal  spines,  and  the  striped  color  pattern. 

Specimens  of  Brockius  can  be  separated  from 
those  of  all  other  eastern  Pacific  Labrisomus  by 
the  above  key.  A more  detailed  description  is  in- 
cluded under  the  discussion  of  the  type  (and 
only  known)  species,  Labrisomus  ( Brockius ) 
striatus. 

Named  Brockius  in  honor  of  Mr.  Vernon  E. 
Brock,  who  first  collected  specimens  of  the  type 
species  and  developed  a collecting  technique 
satisfactory  to  sample  its  habitat. 

Labrisomus  (Brockius)  striatus,  new  species 
Text-fig.  2 

Labrisomus  ( Ericteis ) species  Hubbs,  1952: 

105  (range). 

Diagnosis.— This  species  differs  from  all  other 
Labrisomus  species  by  having:  fewer  than  45 
lateral  line  scales;  all  lateral  line  scales  posterior 
to  the  anterior  arc  different  from  those  on  the 
anterior  arc;  and  a striped  color  pattern.  Labri- 
somus striatus  differs  from  both  L.  dendriticus 
and  L.  wigginsi  by  having  the  first  dorsal  spines 
shorter  than  those  immediately  posterior.  L. 
striatus  differs  from  all  Pacific  species  except 
L.  soccorroensis  and  L.  philippii  by  having  scales 
on  the  cheek;  the  cheek  scales  of  the  latter  two 
species  differ  in  being  more  numerous.  The 
narial  cirri  of  L.  striatus  are  far  longer  than 
those  of  other  Labrisomus  species. 

Dorsal  XVIII,  10;  anal  II,  17;  pectorals  13. 

Scales— Lateral  line  42  to  44;  dorsal  posteri- 
orly to  lateral  line  five  to  six.  Two  or  three  scales 
imbricate  on  upper  margin  of  opercle  and  two 
or  three  on  upper  check.  A small  patch  im- 
bedded on  the  membrane  in  front  of  all  dorsal 
rays  posterior  to  the  fifth  spine.  A similar  patch 
in  front  of  the  fourteenth  to  sixteenth  anal  soft 
rays.  Imbricate  scales  on  proximal  one-fourth  of 
caudal.  Small  imbricate  scales  on  proximal  one- 
sixth  of  pectoral.  Pelvics  naked.  About  four 
rows  of  large  scales  on  pectoral  base.  Pelvic  base 
scaled  except  between  fins.  Belly  scales  not  re- 
duced. Two  to  three  rows  of  large  scales  on 


1953] 


Hubbs:  Revision  of  Eastern  Pacific  Labrisomus 


121 


midline  of  nape.  About  12  radii  on  posterior 
surface  of  body  scales. 

Teeth—  No  enlarged  teeth  behind  patch  of 
small  teeth  on  jaws.  The  vomer  has  a row  of 
small  teeth.  The  palatine  is  naked. 

Gill-rakers— A + 9,  all  branched,  third  on 
lower  arch  reaches  half-way  between  base  of 
fourth  and  fifth. 

Lateral  Line—  Each  scale  on  the  posterior 
straight  segment  has  a tube  with  a pore  at  each 
end.  The  branch  of  the  pre-opercular  canal  at 
the  middle  of  the  opercle  barely  extends  onto 
the  opercle.  There  are  no  pores  posteroventral 
to  the  opercular  scale  patch.  The  pores  from 
the  suborbital  canal  cover  one-fifth  of  the  cheek 
and  reach  half  way  to  the  tip  of  the  maxillary. 
The  occipital  region  has  a few  scattered  pores, 
but  no  pronounced  clear  area. 

Fins— The  first  dorsal  spine  short;  approxi- 
mately equal  to  the  opercle  length.  Following 
spines  longer  as  far  as  fourteenth.  Spine  length 
shortens  to  next-to-last,  which  is  shorter  than 
first  spine.  Last  spine  one  and  one-half  times 
next-to-last.  Anterior  soft  rays  about  one  and 
one-half  times  longest  spines.  Second  to  sixth 
soft  rays  slightly  longer,  following  rays  shorter, 
their  margins  forming  rounded  fin.  The  first 
spine  originates  over  the  opercle;  the  first  soft 
ray  over  the  middle  of  the  anal  fin.  The  anterior 
dorsal  membranes  are  incised  one-half  and  the 
posterior  membranes  scarcely  incised.  The  last 
soft  ray  is  barely  bound  to  the  caudal  peduncle 
by  a membrane. 

Caudal  length  equals  the  distance  between  the 
bases  of  the  first  and  eighth  dorsal  spines. 

The  first  anal  spine  is  contained  1.2  and  2.0 


times  in  the  second  spine  and  first  soft  ray 
respectively. 

The  longest  pectoral  ray  reaches  a point 
above  the  base  of  the  second  or  third  anal  soft 
ray. 

The  third  pelvic  soft  ray  is  slightly  shorter 
than  the  first. 

Head—  The  lip  is  contained  1.2  times  in  the 
suborbital.  The  jaw  extends  to  a point  below 
the  middle  of  the  eye. 

Cirri.— The  narial,  supra-orbital  and  nuchal 
cirri  are  contained  1.5,  1.0  and  1.25  times  re- 
spectively in  the  opercle  length. 

Color— The  body  is  speckled  with  dark  spots 
arranged  in  irregular  stripes.  The  intervening 
light  marks  in  the  centers  of  the  scales  form 
light  stripes.  The  breast  is  lighter.  The  head  has 
a prominent  double  dark  stripe  from  the  eye  to 
the  angle  of  the  pre-opercle.  The  dorsal  spines 
and  soft  rays  have  alternating  dark  and  light 
marks  which  form  anterodorsal-posteroventral 
markings.  Anal  marking  similar  but  anteroven- 
tral-posterodorsal.  Caudal  markings  similar  but 
in  cross-hatched  pattern.  The  paired  fins  are  like 
the  breast  except  for  a pronounced  dark  bar  at 
the  outer  edge  of  the  pectoral  scaled  area.  A con- 
tinuation of  the  pectoral  bar  may  be  found  on 
the  branchiostegal  membranes. 

Habitat—  This  species  inhabits  rocky  bottom 
slightly  below  the  low  tide  line. 

Range.—' This  species  has  been  taken  at  Cape 
San  Lucas,  Las  Tres  Marias  Islands  and  Aca- 
pulco. I believe  that  it  will  be  found  to  be 
abundant  when  its  habitat  is  more  extensively 
collected. 

Material— The  holotype  (SU  17560)  was  col- 
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lected  by  Carl  L.  Hubbs  on  October  4,  1946, 
in  Acapulco  Harbor,  during  the  Flynn  “Zaca” 
Expedition.  Seven  paratypes  were  also  exam- 
ined: two  (TNHC  2961  and  USNM  165472) 
were  collected  in  the  vicinity  of  Acapulco  dur- 
ing the  same  expedition;  three  (SU  17559) 
were  collected  by  Vernon  E.  Brock  on  February 
23,  1940,  on  Cleopha  Island  in  Las  Tres  Marias 
Islands,  Mexico;  and  two  (SU  17608)  were 
collected  by  James  E.  Bohlke  and  party  from 
the  yacht  “Orca”  on  May  20,  1952,  in  San  Lucas 
Bay. 

Named  striatus  from  the  Latin  striatus  = 
striped,  for  the  striped  color  phase. 

Subgenus  Odontoclinus  Reid 
Odontoclinus  Reid,  1935:  164  (type  Odonto- 
clinus dendriticus  Reid  by  original  designa- 
tion). 

This  group  of  fishes  can  be  separated  from  all 
other  members  of  Labrisomus  by  the  elongate 
first  dorsal  spines,  reduced  number  of  scales  on 
the  head,  fins  and  nape.  Although  these  charac- 
ters are  more  typical  of  Malacoctenus  species 
than  Labrisomus,  other  characters  typical  of 
Labrisomus  readily  separate  the  members  of 
Odontoclinus  from  those  of  Malacoctenus. 
These  are:  longer  upper  jaw;  a band  of  small 
teeth  behind  the  primary  row  of  jaw  teeth; 
smaller  scales;  more  rounded  head;  and  scales 
on  the  pectoral  fin  and  pelvic  base. 

Labrisomus  (Odontoclinus)  wigginsi, 
new  species 
Text-fig.  3 

Labrisomus  ( Labrisomus ) species  Hubbs,  1952: 
105  (range). 


Diagnosis.— This  species  differs  from  all  other 
Labrisomus  species  except  L.  dendriticus  by 
having:  the  anterior  dorsal  spines  much  longer 
than  those  immediately  posterior  and  the  head 
and  anal  fins  naked.  Labrisomus  wigginsi  dif- 
fers from  L.  dendriticus  by  having:  fewer  than 
19  dorsal  spines;  fewer  than  18  anal  soft  rays; 

14  or  more  pectoral  rays;  the  vomerine  teeth 
as  large  as  the  palatine  teeth;  no  enlarged  ca- 
nines posterior  to  the  patch  of  small  jaw  teeth; 
the  nuchal  cirri  length  approximately  equal  the 
opercle  length;  and  the  first  dorsal  spine  shorter 
than  the  dorsal  soft  rays. 

Dorsal  XVII  to  XVIII  (XVIII),  10  to  12 
(11);  anal  II,  16  to  17  (17);  pectorals  14  to 

15  (15). 

Scales.— Lateral  line  60  to  64  (61  to  64) ; dorsal 
posteriorly  to  lateral  line  14  to  23.  Head  naked. 
Small  patch  of  scales  imbedded  on  membrane 
in  front  of  all  dorsal  rays  behind  fourth  spine. 
Anal  naked.  Imbedded  scales  on  proximal  one- 
eighth  of  caudal.  Imbedded  scales  on  proximal 
one-sixth  of  pectorals.  Midline  at  nape  naked. 
Belly  scales  reduced  in  size.  Approximately  13 
radii  on  posterior  margin  of  body  scales. 

Teeth—  No  enlarged  teeth  behind  band  of 
small  teeth  on  jaws.  A row  of  small  teeth  on 
vomer.  A patch  of  small  teeth  on  palatines. 

Gill-rakers.— 3 + 6,  all  entire,  third  on  lower 
arch  reaches  base  of  fourth. 

Lateral  Line—  Anterior  scales  on  posterior 
straight  segment  of  main  canal  have  two  external 
pores  on  their  posterior  surfaces,  one  on  each 
side  of  the  canal;  posterior  two  or  three  have  a 
canal  with  a pore  at  each  end.  The  branch  of 
the  pre-opercular  canal  at  the  middle  of  the 
opercle  extends  one-fifth  of  the  distance  across 
the  opercle.  Pores  cover  upper  margin  of 


Text-fig  3.  Labrisomus  ( Odontoclinus ) wigginsi,  45  mm,  from  TNHC  2960. 
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opercle  in  region  where  scale  patch  occurs  in 
other  species.  The  suborbital  branches  extend 
one-fourth  of  the  distance  across  the  cheek  and 
to  a point  one  maxillary  width  from  the  tip  of 
the  maxillary.  The  occipital  region  has  a large 
central  region  with  no  pores. 

Fins.— First  dorsal  spine  long;  more  than  one 
and  one-half  of  opercle  length.  The  spine  length 
decreases  to  the  third  and  fourth,  which  are 
contained  one  and  one-half  times  in  first  spine. 
The  following  spines  are  longer  to  the  thirteenth, 
which  equals  the  first.  The  spine  length  then 
decreases  again  to  the  next-to-last,  which  is  con- 
tained one  and  one-fourth  times  in  the  first.  The 
anterior  five  soft  rays  are  one  and  one-half 
times  the  first  spine;  behind  these  the  ray  length 
decreases  rapidly.  The  first  spine  originates 
above  the  middle  of  the  opercle;  the  first  soft 
ray  above  the  middle  of  the  anal.  The  mem- 
branes are  slightly  incised,  and  the  last  ray  is 
attached  for  three-fourths  of  its  length  to  a 
membrane  which  is  bound  down  to  the  caudal 
peduncle. 

The  caudal  length  equals  the  distance  be- 
tween the  bases  of  the  first  and  eighth  dorsal 
spines. 

The  first  anal  spine  is  contained  1.4  and  2.1 
times  in  the  second  spine  and  first  soft  ray  re- 
spectively. 

The  longest  pectoral  ray  reaches  a point 
above  the  base  of  the  second  anal  soft  ray. 

The  third  pelvic  soft  ray  is  as  long  as  the  first. 

Head— The  lip  is  contained  1.2  times  in  the 
suborbital.  The  upper  jaw  extends  to  a point 
below  the  middle  of  the  eye. 

Cirri—  The  length  of  the  narial  cirri  is  con- 
tained three  times  in  the  opercle  length;  that  of 
the  supra-orbital  and  nuchal  cirri  equal  the 
opercle  length. 

Color.— The  body  has  four  distinct  dark  bars 
at  the  base  of  the  fifth,  fourteenth,  last  dorsal 
spine  and  eighth  soft  ray.  Five  less  distinct  bars 
occur  between  each  of  the  above  and  anterior 
and  posterior  to  them.  The  posterior  bars  are 
nearly  complete.  Those  above  the  belly  are  in- 
terrupted and  continued  below  by  intermediate 
bars.  A dark  ocellus  between  the  anterior  two 
bars  is  the  most  obvious  color  mark.  All  nine 
body  bars  continue  across  the  dorsal  with  inter- 
vening speckling.  The  dorsal  scale  patches  be- 
tween the  bars  have  the  body  ground  color. 
The  membranes  between  the  bars  are  clear  dis- 
tal to  the  scale  patches.  The  anal  has  seven  alter- 
nating light  and  dark  bars  which  are  not  strongly 
correlated  with  the  body  bars.  The  caudal  has 
a light  tear-drop-shaped  spot  at  the  central  base 
behind  the  dark  body  color.  Other  light  marks 
occur  on  the  margins  of  the  dusky  caudal.  The 
paired  fins  are  dusky  except  for  the  dark  bar. 


most  pronounced  ventrally,  at  the  base  of  the 
pectoral.  The  head  is  mottled. 

Range.— This  species  has  been  collected  from 
tidepools  on  the  outer  coast  of  Baja  California 
between  Arroyo  Seco  and  Abreojos  Point. 

Material.— The  holotype  (SU  17562)  was  col- 
lected by  Ira  L.  Wiggins  and  party  on  November 
27,  1946,  from  a tidepool  three  miles  north  of 
Arroyo  Seco,  half  way  between  Magdalena  Bay 
and  Cape  San  Lucas.  Twenty  paratypes  were 
also  examined:  twelve  (SU  17563)  were  col- 
lected with  the  holotype;  one  postlarva  (SU 
17561)  was  collected  from  a tidepool  near  the 
mouth  of  the  Estero  de  la  Purissima  by  Wiggins 
and  party;  two  (TNHC  2960)  were  collected 
by  Laura  C.  Hubbs  and  party  from  the  west  end 
of  Ballenas  Bay;  and  five  (USNM  165473)  were 
collected  by  Carl  L.  Hubbs  and  party  from 
Punta  Abreojos. 

Named  wigginsi  for  Dr.  Ira  L.  Wiggins,  who 
first  collected  this  species. 

Labrisomus  (Odontoclinus)  dendriticus 
(Reid) 

Text-figs.  4 & 5 

Odontoclinus  dendriticus  Reid,  1935:  165  (new 

description,  range,  figure). 

Labrisomus  ( Odontoclinus ) dendriticus  Hubbs, 

1952:  106  (range). 

Diagnostic  Characters  of  the  Species.— This 
species  differs  from  all  other  Labrisomus  spe- 
cies except  L.  wigginsi  by  having:  the  anterior 
dorsal  spines  much  longer  than  those  immedi- 
ately posterior  and  the  head  and  anal  fins  naked. 
Labrisomus  dendriticus  differs  from  L.  wigginsi 
by  having:  more  than  19  dorsal  spines;  more 
than  18  anal  soft  rays;  its  palatine  teeth  larger 
than  its  vomerine  teeth;  its  nuchal  cirri  approxi- 
mately half  the  opercle  length.  L.  dendriticus 
differs  from  all  other  Labrisomus  species  by 
having:  an  enlarged  canine  behind  each  patch 
of  small  jaw  teeth;  the  first  dorsal  spine  longer 
than  or  equal  to  the  dorsal  soft  rays;  and  13 
pectoral  rays. 

Dorsal  XX,  10  to  12  (11  to  12);  anal  II, 
19  to  20  (20);  pectorals  13. 

Scales.— Lateral  line  59  to  65  (62  to  64);  dorsal 
posteriorly  to  lateral  line  6 to  7.  Head  naked. 
A few  scales  on  membranes  in  front  of  last  two 
dorsal  spines  and  first  four  soft  rays.  Anal  naked. 
Proximal  one-sixth  of  caudal  scaled.  Pectoral 
naked.  Belly  scales  reduced  in  size.  Midline  at 
nape  naked.  About  20  radii  on  posterior  margin 
of  body  scales. 

Teeth—  One  enlarged  canine  behind  the  patch 
of  smaller  teeth  on  each  side  of  both  jaws.  A row 
of  small  teeth  on  vomer.  A patch  of  large  teeth 
on  palatines. 
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Gill-rakers.— 3 + 8,  all  entire,  third  on  lower 
arch  reaches  base  of  fourth. 

Lateral  Line.— Anterior  scales  on  posterior 
straight  segment  of  main  canal  have  two  exter- 
nal pores  on  their  posterior  surfaces,  one  on 
each  side  of  the  canal;  posterior  four  or  five  have 
a canal  with  a pore  at  each  end.  The  branch  of 
the  pre-opercular  canal  at  the  middle  of  the 
opercle  extends  two-sevenths  of  the  distance 
across  the  opercle.  No  pores  posteroventral  to 
the  region  where  the  opercular  scale  patch  oc- 
curs in  other  species.  The  suborbital  branches 
extend  two-sevenths  of  the  distance  across  the 


cheek  and  half  way  to  the  tip  of  the  maxillary. 
The  occipital  region  has  scattered  pores. 

Fins. — First  dorsal  spine  long,  two  and  one- 
half  times  opercle  length  in  adults  and  two 
times  opercle  length  in  young.  The  spine  length 
decreases  to  the  fourth  or  fifth,  which  is  con- 
tained 1.9  times  in  the  first  spine.  The  following 
spines  are  longer  to  the  thirteenth,  contained 
1.6  times  in  the  first.  The  spine  length  then  de- 
creases to  the  next-to-last,  contained  2.3  to  2.6 
times  in  the  first.  The  last  spine  is  slightly  longer 
than  the  preceding.  The  first  soft  ray  is  equal  to, 
or  slightly  shorter  than,  the  first  spine;  the  next 


Text-fig.  5.  Labrisomus  ( Odontoclinus ) dendriticus,  23  mm,  from  TNHC  2969. 
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five  slightly  longer.  The  following  rays  are  all 
shorter.  The  first  spine  originates  above  the  mid- 
point of  the  opercle;  the  first  soft  ray  behind  the 
midpoint  of  the  anal.  The  membranes  are 
slightly  incised,  and  the  last  ray  is  attached  for 
three-fourths  of  its  length  to  a membrane  which 
is  bound  down  to  the  caudal  peduncle. 

The  caudal  length  equals  the  distance  between 
the  bases  of  the  first  and  eighth  to  tenth  spines. 

The  first  anal  spine  is  contained  1.2  and  2.4 
times  in  the  second  spine  and  first  soft  ray  re- 
spectively. 

The  longest  pectoral  ray  reaches  a point 
above  the  base  of  the  fourth  anal  soft  ray. 

The  third  pelvic  soft  ray  is  shorter  than  the 
first. 

Head.— The  lip  equals  or  exceeds  the  suborbi- 
tal. The  upper  jaw  extends  to  a point  below  the 
middle  of  the  eye. 

Cirri.— The  length  of  the  narial  cirri  is  con- 
tained 3.2  times  in  the  opercle  length;  that  of  the 
supra-orbital  1.5  and  of  the  nuchal  1.8  times. 

Color.— The  body  is  dusky  with  no  markings. 
The  head  has  a dark  spot  on  the  lower  part  of 
the  opercle  and  a dark  chin.  The  dorsal  and 
caudal  are  dusky.  The  anal  is  dusky  with  a 
lighter  area  proximally.  The  paired  fins  are 
dusky  with  a bar  at  the  pectoral  base. 

Range.— The  Galapagos  Islands. 

Material.— The  holotype  (USNM  43397) 
from  Albemarle  Island  and  the  paratype 
(USNM  94033)  from  Charles  Island  were  ex- 
amined. Ninety-seven  other  specimens  were  also 
examined:  one  adult  (CAS  6042)  and  63  post- 
larvae (CAS  20634,  20635,  20636,  20637, 
20638,  20639,  20641  and  20643,  NYZS  6263 
and  TNHC  2969)  from  Albemarle  Island;  ten 
postlarvae  (CAS  20640)  from  the  channel  be- 
tween Albemarle  and  Narborough  Islands;  six 
postlarvae  (CAS  20642)  from  Narborough 
Island;  one  adult  (CAS  6043)  from  James  Is- 
land; two  immature  specimens  (SU  37589) 
from  Indefatigable  Island;  one  immature  speci- 
men (SU  37587)  from  Tower  Island;  five  post- 
larvae (CAS  20632  and  20633)  from  Charles 
Island;  and  eight  postlarvae  (TNHC  2967) 
from  Hood  Island. 

Named  dendriticus  from  the  Greek  SevSpi'nys 

= tree-like,  for  the  cirri. 

Subgenus  Labrisomus  Swainson 
Labrisomus  Swainson,  1839:  277  (type  Clinus 
pectinifer  Cuvier  & Valenciennes  by  original 
designation) . 

Lepisoma  DeKay,  1842:  41  (type  Lepisoma 
cirrhosum  DeKay  by  monotypy). 
Labrosomus  Gill,  1860:  105  (substitute  spelling 
for  Labrisomus  Swainson,  same  type). 


The  members  of  the  subgenus  Labrisomus 
can  be  distinguished  from  the  members  of  the 
other  two  Pacific  subgenera,  Odontoclinus  and 
Brockius,  by  the  above  key.  They  can  be 
separated  from  the  members  of  the  Atlantic 
species  kalisherae,  which  may  belong  to  a dis- 
tinct subgenus  ( Ericteis ),  by  the  smaller  scales 
of  the  former  (63  or  more). 

At  least  two  Atlantic  species,  nuchipinnis  and 
canariensis,  belong  to  the  subgenus  Labrisomus. 

Labrisomus  (Labrisomus)  jenkinsi 
(Heller  & Snodgrass) 

Text-fig.  6 

Lepisoma  jenkinsi  Heller  & Snodgrass,  1903: 
219  (new  description,  figure,  and  range); 
Snodgrass  & Heller,  1905:  420  (synonymy 
and  range) ; Evermann  & Radcliffe,  1907 : 145 
(compared  with  L.  philippii). 

Labrisomus  jenkinsi  Kendall  & Radcliffe,  1912: 
152  (range,  vague  description). 

Labrisomus  ( Labrisomus ) jenkinsi  Hubbs, 
1952:  105  (range). 

Diagnostic  Characters  of  the  Species— This. 
species  differs  from  L.  striatus  by  having:  more 
than  57  lateral  line  scales;  some  of  the  scales 
posterior  to  the  anterior  arc  similar  to  those  on 
the  anterior  arc;  and  a barred  color  pattern. 
Labrisomus  jenkinsi  differs  from  L.  wigginsi 
and  L.  dendriticus  by  having:  the  anterior  dorsal 
spines  approximately  equal  to  those  immediately 
posterior  and  scales  on  the  head  and  anal  fin 
membranes.  L.  jenkinsi,  L.  wigginsi  and  L.  den- 
driticus have  a similar  number  of  lateral  line 
scales,  58-64;  more  than  L.  striatus  and  L. 
kalisherae,  and  fewer  than  L.  nuchipinnis,  L. 
canariensis,  L.  soccorroensis,  L.  philippii,  L. 
xantusi  and  L.  multiporosus.  The  pronounced 
increase  in  relative  depth  anteriorly  in  L.  jen- 
kinsi is  exceeded  only  by  that  of  L.  philippii  and 
approached  only  by  L.  xantusi. 

Dorsal  XVIII  to  XIX,  10  to  11;  anal  II,  17; 
pectorals  14  to  15  (14). 

Scales.— Lateral  line  58  to  62;  dorsal  pos- 
teriorly to  lateral  line  16.  A few  small  imbricate 
scales  along  upper  edge  of  opercle.  Scales  on 
membranes  in  front  of  each  dorsal  ray  behind 
the  third  spine.  A similar  patch  in  front  of  all 
anal  rays  behind  the  eighth  soft  ray.  Proximal 
third  of  caudal  scaled.  Proximal  seventh  of  pec- 
toral scaled.  Belly  scales  reduced  in  size.  About 
six  predorsal  scale  rows.  About  20  radii  on  pos- 
terior margin  of  body  scales. 

Teeth.— No  enlarged  canines  behind  the  patch 
of  smaller  jaw  teeth.  A row  of  large  teeth  on 
vomer  extends  onto  anterior  part  of  palatines. 

Gill-rakers.— 3 (branched)  + 8,  third  on 
lower  arch  reaches  base  of  fifth. 
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Lateral  Line—  Anterior  scales  on  posterior 
straight  segment  of  main  canal  have  two  ex- 
ternal pores  on  their  posterior  surfaces,  one  on 
each  side  of  the  canal;  posterior  two  or  three 
have  a canal  with  a pore  at  each  end.  The  branch 
of  the  pre-opercular  canal  at  the  middle  of  the 
opercle  extends  one-fifth  of  the  distance  across 
the  opercle.  No  pores  posteroventral  to  the 
opercular  scale  patch.  The  suborbital  branches 
extend  one-third  to  one-fourth  of  the  distance 
across  the  cheek  and  nearly  to  the  tip  of  the 
maxillary.  The  occipital  region  has  many  pores. 

Fins. — First  dorsal  spine  moderate,  slightly 
longer  than  opercle  length.  After  increasing  to 
the  thirteenth  spine,  the  spine  length  decreases 
to  the  next-to-last,  which  is  slightly  longer  than 
the  first.  The  first  soft  ray  is  one  and  one-half 
times  the  longest  spine;  the  next  two  slightly 
longer  and  the  remaining  ones  shorter.  The  first 
spine  originates  above  the  front  of  the  opercle; 
the  first  soft  ray  originates  just  behind  the 
middle  of  the  anal.  The  membranes  are  slightly 
incised,  and  the  last  ray  is  attached  for  three- 
fourths  of  its  length  to  a membrane  which  is 
bound  to  the  caudal  peduncle. 

The  caudal  length  equals  the  distance  be- 
tween the  bases  of  the  first  and  seventh  dorsal 
spines. 

The  first  anal  spine  is  contained  1.2  and  2.5 
times  in  the  second  spine  and  first  soft  ray  re- 
spectively. 

The  longest  pectoral  ray  reaches  a point  above 
the  base  of  the  third  anal  soft  ray. 

The  third  pelvic  soft  ray  is  slightly  shorter 
than  the  first. 


Head—  The  lip  is  contained  1.2  times  in  the 
suborbital.  The  upper  jaw  extends  to  a point 
below  the  middle  of  the  eye. 

Cirri.— The  length  of  the  narial  cirri  is  con- 
tained 2.8  times  in  the  opercle  length;  that  of  the 
supra-orbital  and  nuchal  equal  the  opercle 
length. 

Color.— The  body  is  dark  with  mottling  more 
pronounced  than  barring.  The  head  is  spotted 
with  a bar  behind  the  eye.  An  ocellus  is  present 
on  the  membrane  between  the  second  and  third 
dorsal  spines.  Except  for  the  ocellus  the  dorsal, 
pelvics  and  caudal  are  dusky.  The  anal  is  dusky 
with  a superimposed  striping.  The  pectoral  rays 
are  spotted  and  the  basal  bar  is  faint. 

Range.— The  Galapagos  Islands. 

Material.— The  holotype  (SU  6350)  and  two 
paratypes  (SU  8655),  collected  by  Robert  E. 
Snodgrass  and  Edmund  Heller  from  Iguana 
Cove,  Albemarle  Island,  were  examined.  Two 
other  specimens  were  also  examined:  one  (CAS 
4074)  from  Narborough  Island;  and  one 
(USNM  65556)  from  Chatham  Island. 

Named  jenkinsi  in  honor  of  Dr.  Oliver  P. 
lenkins. 

Labrisomus  (Labrisomus)  philippii 
Steindachner 

Labrisomus  philippii  Steindachner,  1866:  3 
(new  description  and  range);  Hildebrand. 
1946:  396  (description,  synonymy  and 

range). 

Labrisomus philippi  Abbott,  1899:  361  (synony- 
my, food  habits:  fish,  molluscs,  sea  urchins, 
crustaceans);  Starks,  1906:  800  (descrip- 
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tion);  Fowler,  1940b:  794  (several  doubtful 
localities);  1944:  521  (range:  Chile  to  Peru) ; 
1945:  280  (synonymy  and  range). 

Clinus  Philippii  Delfin,  1901:  94  (synonymy 
and  range) . 

Clinus  ( Labrisornus ) philippi  Steindachner, 
1902:  130  (description  and  range). 

Lepisoma  philippi  Evermann  & Radcliffe,  1917: 
144  (description,  range  and  comparison  with 
jenkinsi,  and  xanti  = xantusi  and  multi- 
porosus ) . 

Labrisornus  ( Labrisornus ) philippii  Hubbs, 
1952:  105  (range). 

Clinus  fortidentatus  Cope,  1877:  42  (new  de- 
scription, Callao  Bay). 

Diagnostic  Characters  of  the  Species.— This 
species  differs  from  all  other  Labrisornus  species 
except  L.  wigginsi  by  having  more  than  14  pec- 
toral rays.  It  has  more  lateral  line  scales  than 
other  species  of  Labrisornus  (usually  70  to  74). 
The  cirri  of  L.  philippii  are  shorter  than  those 
of  all  other  Labrisornus  species;  all  cirri  are  less 
than  one-half  of  opercle  length,  while  only  L. 
dendriticus  has  either  supra-orbital  or  nuchal 
cirri  less  than  one  opercle  length.  Labrisornus 
philippii  has  approximately  30  scale  rows  from 
the  first  dorsal  spine  posteriorly  to  the  lateral 
line;  all  other  Labrisornus  species  have  about 
20  or  fewer. 

Dorsal  XIX  to  XX  (XIX),  11  to  13  (12); 
anal  II,  17  to  19  (19);  pectorals  14  to  16  (15) . 

Scales—  Lateral  line  68  to  74  (71  to  73); 
dorsal  posteriorly  to  lateral  line  20  to  30.  The 
patch  of  scales  on  the  cheek  posterodorsal  to  a 
line  from  the  eye  to  the  corner  of  the  pre-opercle 
is  present  or  absent.  The  patch  on  the  upper 
margin  of  the  opercle  is  well  developed.  Scales 
on  all  membranes  in  front  of  each  dorsal  ray 
behind  the  second  spine.  A similar  patch  in 
front  of  all  anal  rays  behind  the  second  spine. 
Proximal  half  of  caudal  scaled.  Proximal  two- 
fifths  of  pectorals  scaled.  Belly  scales  reduced  in 
size.  From  eight  to  ten  predorsal  scale  rows. 
About  16  radii  on  posterior  margin  of  body 
scales. 

Teeth—  No  enlarged  canines  behind  patch 
of  smaller  jaw  teeth.  A row  of  middle-sized  teeth 
followed  by  a patch  of  small  teeth  on  vomer.  A 
patch  of  small  teeth  on  palatines. 

Gill-rakers.— 4 + 8,  third  to  eighth  on  lower 
arch  simple,  rest  branched,  third  on  lower  arch 
reaches  base  of  fourth. 

Lateral  Line—  Anterior  scales  on  posterior 
straight  segment  of  main  canal  have  two  exter- 
nal pores  on  their  posterior  surfaces,  one  on  each 
side  of  the  canal;  posterior  two  or  three  have  a 


canal  with  a pore  at  each  end.  The  branch  of 
the  pre-opercular  canal  at  the  middle  of  the 
opercle  extends  one-third  of  the  distance  across 
the  opercle.  No  pores  posteroventral  to  the 
opercular  scale  patch.  The  suborbital  branches 
extend  one-third  of  the  distance  across  the 
cheek  and  to  the  tip  of  the  maxillary.  The  oc- 
cipital region  has  many  pores. 

Fins.— First  dorsal  spine  short,  equal  to 
opercle  length.  The  spine  length  increases  to  the 
fourteenth.  The  following  spines  are  shorter  to 
the  next-to-last,  which  is  equal  to  the  first.  The 
first  seven  soft  rays  are  about  one  and  one-half 
times  as  long  as  the  longest  spine;  the  others  are 
progressively  shorter.  The  first  spine  originates 
above  the  posterior  margin  of  the  pre-opercle; 
the  first  soft  ray  just  behind  the  middle  of  the 
anal.  The  membranes  are  slightly  incised,  and 
the  last  ray  is  attached  for  two-fifths  of  its  length 
to  a membrane  which  is  bound  down  to  the 
caudal  peduncle. 

The  caudal  length  equals  the  distance  be- 
tween the  bases  of  the  first  and  seventh  dorsal 
spines. 

The  first  anal  spine  is  contained  1.2  and  2.6 
times  in  the  second  spine  and  first  soft  ray 
respectively. 

The  longest  pectoral  ray  reaches  a point 
above  the  base  of  the  second  anal  spine. 

The  third  pelvic  soft  ray  equals  the  first. 

Head.- The  lip  is  contained  2.0  times  in  the 
suborbital.  The  upper  jaw  extends  to  a point 
below  the  anterior  third  of  the  eye. 

Cirri- The  length  of  the  narial  cirri  is  con- 
tained three  to  four  times  in  the  opercle  length; 
that  of  the  supra-orbital  and  nuchal  3.0  and  2.5 
times  respectively. 

Color.— The  body,  head,  and  fins  are  dusky 
with  dark  spotting.  These  spots  are  most  notice- 
able on  the  lighter  lower  sides.  The  throat  and 
belly  are  mottled. 

Range- My  specimens  have  been  collected 
between  Lobos  de  Tierra  Bay  and  Independencia 
Bay,  Peru.  Delfin  (1901)  reports  this  species  at 
Coquimbo,  Chile. 

Material- Although  none  of  Steindachner’s 
types  were  examined,  I studied  39  specimens  of 
L.  philippii'.  nine  (USNM  128210)  from 
dredges  and  gill  nets  off  Lobos  de  Tierra  Bay; 
one  (USNM  128203)  from  a tidepool  on  Lobos 
de  Afuera  Bay;  eleven  (SU  6294  and  USNM 
53510)  from  Callao;  five  (SU  40877)  from 
North  Chincha  Island;  and  thirteen  (USNM 
128206  and  128207)  from  Independencia  Bay. 

Named  philippii  for  Rudolph  A.  Philippi.  The 
spelling  follows  both  Steindachner’s  original 
and  the  revised  international  rules. 
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Labrisomus  (Labrisomus)  soccorroensis, 
new  species 
Text-fig.  7 

Labrisomus  ( Labrisomus ) species  Hubbs,  1952: 

105  (range). 

Diagnosis.— This  species  apparently  is  most 
closely  related  to  L.  xantusi,  from  which  it  can 
be  distinguished  by  having  many  scales  on  the 
cheek  and  scales  along  the  entire  upper  margin 
of  the  opercle.  Labrisomus  soccorroensis  is 
readily  distinguished  from  L.  multiporosus  (the 
species  occupying  localities  closest  to  Soccorro 
Island)  by  the  above  characters  and  by  the 
limited  number  of  lateral  line  pores  on  the  head 
of  L.  soccorroensis.  It  also  differs  from  all 
Labrisomus  species  except  L.  xantusi  and  L. 
striatus  by  not  having  palatine  teeth.  Labrisomus 
soccorroensis  is  easily  distinguished  from  L. 
striatus  and  L.  kalisherae  by  having  more  than 
60  lateral  line  scales  and  a barred  color  pattern. 
Labrisomus  dendriticus  and  wigginsi,  which 
have  no  scales  on  the  head  or  anal  fin,  also  differ 
from  the  scaly  L.  soccorroensis  by  having  the 
anterior  dorsal  spine  elongated. 

Dorsal  XVIII,  11;  anal  II,  18;  pectorals  14. 

Scales.— Lateral  line  67  to  68;  dorsal  pos- 
teriorly to  lateral  line  15.  Large  patch  of  scales 
on  cheek  and  on  upper  margin  of  opercle.  Large 
patch  of  scales  on  membrane  in  front  of  each 
dorsal  ray.  A smaller  patch  on  membranes  in 
front  of  all  anal  rays.  Proximal  third  of  caudal 
scaled.  Proximal  third  of  pectorals  scaled.  Belly 
scales  reduced  in  size.  About  eight  predorsal 
scales.  About  16  radii  on  posterior  margin  of 
body  scales. 


Teeth.— No  enlarged  canines  behind  patch  of 
smaller  jaw  teeth.  A row  of  large  teeth  on  vomer. 
No  teeth  on  palatines. 

Gill-rakers.— 4 + 6,  all  simple,  third  on  lower 
arch  reaches  base  of  fourth. 

Lateral  Line.— Anterior  scales  on  posterior 
straight  segment  of  main  canal  have  two  ex- 
ternal pores  on  their  posterior  surfaces,  one  on 
each  side  of  the  canal;  posterior  two  or  three 
have  a canal  with  a pore  at  each  end.  The 
branch  of  the  pre-opercular  canal  at  the  mid- 
dle of  the  opercle  extends  no  farther  than  one- 
fifth  of  the  distance  across  the  opercle.  No 
pores  posteroventral  to  the  opercular  scale 
patch.  The  suborbital  branches  extend  less  than 
one-fourth  of  the  distance  across  cheek  and 
one  maxillary  width  from  the  tip  of  the  max- 
illary. There  is  a large  bare  area  in  the  middle 
of  the  occipital  region. 

Fins. — First  dorsal  spine  short,  equal  to 
opercle  length.  The  spine  length  increases  to 
the  fifteenth.  The  following  spines  are  shorter 
to  the  next-to-last,  which  is  slightly  longer  than 
the  first.  The  second  to  sixth  soft  rays  are  one 
and  one-half  times  as  long  as  the  longest  spines. 
The  others  are  progressively  shorter.  The  first 
spine  originates  above  the  anterior  part  of  the 
opercle;  the  first  soft  ray  just  behind  the  middle 
of  the  anal.  The  membranes  are  slightly  incised, 
and  the  last  ray  is  attached  for  one-half  of  its 
length  to  a membrane  which  is  bound  down  to 
the  caudal  peduncle. 

The  caudal  length  equals  the  distance  between 
the  bases  of  the  first  and  seventh  dorsal  spines. 

The  first  anal  spine  is  contained  1.5  and  2.6 


Text-fig.  7.  Labrisomus  ( Labrisomus ) soccorroensis  holotype. 
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times  in  the  second  spine  and  first  soft  ray 
respectively. 

The  longest  pectoral  ray  reaches  a point 
above  the  base  of  the  third  anal  soft  ray. 

The  third  pelvic  soft  ray  equals  the  first. 
Head—  The  lip  is  contained  1.2  times  in  the 
suborbital.  The  upper  jaw  extends  to  a point 
below  the  posterior  half  of  the  eye. 

Cirri.— The  length  of  the  narial  cirri  is  con- 
tained 2.8  times  in  the  opercle  length;  that  of  the 
supra-orbital  and  nuchal  1.2  times. 

Color.— The  body  has  four  distinct  dark  bars 
at  the  base  of  the  fifth,  fourteenth,  last  dorsal 
spine  and  eighth  soft  ray.  Five  less  distinct  bars 
occur  between  each  of  the  above  and  anterior 
and  posterior  to  them.  The  posterior  bars  are 
nearly  complete.  Those  above  the  belly  are  in- 
terrupted and  continued  below  by  intermediate 
bars.  The  head  is  spotted  above  and  mottled 
below  with  a faint  double  dark  stripe  from  the 
eye  to  the  corner  of  the  pre-opercle.  Faint 
ocellus  on  membrane  between  second  and  third 
dorsal  spines.  The  following  spines  are  marked 
with  continuations  of  the  body  bars.  The  soft 
rays  have  spots  that  are  arranged  in  anterodor- 
sal-posteroventral  stripes.  The  spots  on  the  anal 
rays  are  arranged  in  anteroventral-posterodor- 
sal  stripes.  The  spots  on  the  caudal  rays  are 
arranged  in  a cross-hatched  pattern.  Except  for 
the  dark  bar  at  the  pectoral  base,  the  paired 
fins  are  dusky. 

Range.— Soccorro  Island. 

Material— The  holotype  (CAS  1762)  and 
paratype  (CAS  1625)  were  collected  from 
Soccorro  Island. 

Named  soccorroensis  because  it  is  known 
from  Soccorro  Island  alone. 

Labrisomus  (Labrisomus)  xantusi  Gill* 
Text-fig.  8 

Labrosomus  Xanti  Gill,  1860:  107  (new  de- 
scription, Cape  San  Lucas). 

Clinus  xanti  Jordan  & Gilbert,  1882:  368  (de- 
scription and  synonymy);  1883:  108  (Ma- 
zatlan  record  in  part). 

Labrosomus  xanti  Smith,  1885:  553  (discussion 
of  separation  from  nuchipinnis,  San  Christo- 
bal);  Evermann  & Jenkins,  1891:  163  (syn- 
onymy in  part). 

Labrisomus  nuchipinnis  xanti  Jordan,  1885a: 
908  (range  and  synonymy  in  part);  1885b: 
389  (range). 

* The  International  Commission  on  Zoological 
Nomenclature,  during  its  1953  meeting  in  Copenhagen, 
reversed  the  1948  Paris  decision  on  patronymics  (Carl 
L.  Hubbs,  personal  communication,  1953).  As  a result, 
the  original  orthography  of  Gill  must  be  retained  for 
this  species.  The  proper  spelling  is  xanti. 


Clinus  Xanti  V aillant,  1894:  73  (name  only). 
Labrisomus  xanti  Jordan,  1895:  501  (range  in 
part),  513  (La  Paz);  Jordan  & Evermann, 
L896:  468  (listed);  1898:  2362  (description; 
range  and  synonymy  in  part) ; Qs’ourn  & Nich- 
ols, 1916:  178  (three  collection  stations 
listed,  not  all  specimens  necessarily  belong 
to  this  species);  Meek  & Hildebrand,  1928: 
937  (synonymy  and  range  in  part);  Jordan, 
Evermann  & Clark,  1930:  459  (synonymy; 
range  in  part);  Herre,  1936:  415  (synonymy 
in  part);  Fowler,  1944:  521  (range  in  part); 
1945:  280  (synonymy  and  range  in  part); 
Hildebrand,  1946:  398  (synonymy  and  range 
in  part). 

Lepisoma  xanti  Evermann  & Radcliffe,  1917: 
143,  145  (synonymy  and  comparison  with 
L.  philippii  in  part). 

Labrisomus  ( Labrisomus ) xanti  Hubbs,  1952: 
105  (range) . 

Clinus  philippii  (not  of  Steindachner)  Locking- 
ton,  1881:  114  (Gulf  of  California). 
Diagnostic  Characters  of  the  Species.—’ This 
species  is  most  closely  related  to  L.  soccorroensis 
and  L.  multiporosus  and  appears  to  be  inter- 
mediate between  them.  It  differs  from  L.  soccor- 
roensis by  having  the  cheek  naked  and  only  the 
posterior  part  of  the  upper  margin  of  the  opercle 
scaled.  L.  xantusi  can  be  distinguished  from  L. 
multiporosus  by:  the  width  of  each  comb  of 
nuchal  cirri  (approximately  one-half  of  opercle 
length  in  L.  xantusi  and  equal  to  the  distance  in 
L.  multiporosus) . Labrisomus  xantusi  has  fewer 
lateral  line  pores  on  the  head  than  L.  multiporo- 
sus; although  the  number  of  pores  varies  with 
size,  the  percentage  of  the  head  covered  by  the 
pores  remains  constant.  The  area  covered  in  the 
respective  species  is  shown  in  Text-figs.  8 and  9. 
Labrisomus  xantusi  can  be  distinguished  from  all 
other  Labrisomus  species  except  L.  soccorro- 
ensis by  the  absence  of  palatine  teeth.  Labri- 
somus xantusi  is  easily  distinguished  from 
L.  striatus  and  L.  kalisherae  by  having  more 
than  60  lateral  line  scales  and  a barred  color 
pattern.  Labrisomus  dendriticus  and  wigginsi, 
which  have  no  scales  on  the  head  or  anal  fin, 
also  differ  from  the  more  heavily  scaled  L. 
xantusi  by  having  the  anterior  dorsal  spines 
elongated. 

Dorsal  XVII  to  XIX  (XVIII),  10  to  12 
( 1 1 to  12);  anal  IT,  17  to  19  (18);  pectorals 
13  to  15  (14). 

Scales.— Lateral  line  64  to  69  (66  to  68); 
dorsal  posteriorly  to  lateral  line  12  to  19  (14  to 
17) . Ten  or  more  small  imbedded  scales  on 
upper  margin  of  opercle.  A large  patch  of 
scales  on  membrane  in  front  of  all  dorsal  rays 
behind  second  spine.  A smaller  patch  on  mem- 
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branes  in  front  of  all  anal  rays  behind  the 
second  soft  ray.  Proximal  one-fourth  of  caudal 
scaled.  Proximal  one-fifth  of  pectorals  scaled. 
Belly  scales  reduced  in  size.  About  eight  pre- 
dorsal scales.  About  18  radii  on  posterior  mar- 
gin of  body  scales. 

Teeth.-No  enlarged  canines  behind  patch 
of  smaller  jaw  teeth.  About  five  large  teeth  on 
vomer.  No  teeth  on  palatines  (two  large  spe- 
cimens have  two  small  teeth  on  each  palatine). 

Gill-rakers—  3 + 6 to  7,  those  on  upper  arch 
branched,  lower  arch  simple. 

Lateral  Line—  Anterior  scales  on  posterior 
straight  segment  of  main  canal  have  two  external 
pores  on  their  posterior  surfaces,  one  on  each 
side  of  the  canal;  posterior  two  or  three  have  a 
canal  with  a pore  at  each  end.  The  branch  of 
the  pre-opercular  canal  at  the  middle  of  the 
opercle  extends  no  farther  than  one-fifth  of  the 
distance  across  the  opercle.  No  pores  postero- 
ventral  to  the  opercular  scale  patch.  The  subor- 
bital branches  extend  less  than  one-fourth  of 
the  distance  across  cheek  and  one  maxillary 
width  from  the  tip  of  the  maxillary.  There  is  a 
large  bare  area  in  the  middle  of  the  occipital 
region. 

Fins, — First  dorsal  spine  moderate,  slightly 
longer  than  the  opercle.  The  spine  length  re- 
mains approximately  equal  to  the  third,  then 
becomes  longer  to  the  thirteenth,  which  is  one 
and  one-half  times  the  first.  The  following 
spines  are  shorter  to  the  next-to-last,  which  is 
slightly  longer  than  the  first.  The  first  to  fifth 
soft  rays  are  one  and  one-third  times  as  long 
as  the  longest  spines.  The  others  are  progres- 
sively shorter.  The  first  spine  originates  above 
the  anterior  part  of  the  opercle;  the  first  soft 


ray  over  the  middle  of  the  anal.  The  mem- 
branes are  slightly  incised,  and  the  last  ray  is 
attached  for  three-fourths  of  its  length  to  a 
membrane  which  is  bound  down  to  the  caudal 
peduncle. 

The  caudal  length  equals  the  distance  be- 
tween the  bases  of  the  first  and  seventh  or  eighth 
dorsal  spines. 

The  first  anal  spine  is  contained  1.5  and  2.5 
times  in  the  second  spine  and  first  soft  ray 
respectively. 

The  longest  pectoral  ray  reaches  a point 
above  the  base  of  the  second  anal  soft  ray. 

The  third  pelvic  soft  ray  equals  the  first. 

Head.— The  lip  is  contained  1.2  times  in  the 
suborbital.  The  upper  jaw  extends  to  a point 
below  the  middle  of  the  eye. 

Cirri.— The  length  of  the  narial  cirri  is  con- 
tained 2.8  times  in  the  opercle  length;  that  of 
the  supra-orbital  1.4  and  the  nuchal  1.3  times. 

Color.— The  body  has  four  distinct  dark  bars 
at  the  base  of  the  fifth,  fourteenth,  last  dorsal 
spine  and  eighth  soft  ray.  Five  less  distinct  bars 
occur  between  each  of  the  above  and  anterior 
and  posterior  to  them.  The  posterior  bars  are 
nearly  complete  and  those  above  the  belly  are 
interrupted  and  continued  below  by  interme- 
diate bars.  The  head  is  variably  mottled  and 
spotted  with  a faint  doubled  dark  stripe  from 
the  eye  to  the  corner  of  the  pre-opercle.  A dis- 
tinct ocellus  between  the  second  and  third  dor- 
sal spines.  The  rest  of  the  fin  either  has  a con- 
tinuation of  the  body  bars  or  spots  which  are 
arranged  in  anterodorsal-posteroventral  stripes. 
The  spots  on  the  anal  rays  are  arranged  in 
anteroventral-posterodorsal  stripes.  The  spots  on 
the  caudal  rays  are  arranged  in  a cross-hatched 
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pattern.  The  spots  on  the  pectoral  rays  are  ar- 
ranged in  bars.  The  dark  bar  at  the  base  of  the 
pectoral  is  especially  prominent  ventrally.  The 
pelvics  are  dusky. 

Range.— Sebastian  Vizcaino  Bay  to  Cape  San 
Lucas  on  the  outer  coast  of  Baja  California, 
the  Gulf  of  California  to  Mazatlan.  It  is  also 
known  on  West  San  Benito  Island  and  many 
islands  in  the  Gulf  of  California. 

Material— The  holotype  (USNM  2334), 
here  designated  from  two  cotypes,  was  col- 
lected by  J.  Xantus  from  Cape  San  Lucas.  The 
paratype  (USNM  2335),  collected  with  the 
holotype,  was  also  examined.  Five  hundred 
fifty-six  other  specimens  were  also  examined: 
one  (USNM  30888)  from  Mazatlan;  ten 
(UCLA  W51-20  and  W51-26)  from  Venados 
Island,  near  Mazatlan;  one  (UCLA  W51-16) 
from  Topolobampo  Bay,  Sinaloa;  twenty-five 
(CAS  20626)  from  Bocochebampo  Bay,  near 
Guaymas,  Sonora;  sixty-six  (UCLA  W50-35, 
W50-37,  W52-28,  and  W52-51)  from  around 
Punta  de  las  Cuevas,  near  Guaymas;  three 
(UCLA  W50-23)  from  Punta  Colorado,  near 
Guaymas;  eight  (UCLA  W52-1  and  W52-4) 
from  just  south  of  the  north  end  of  Guaymas 
Harbor;  nine  (UCLA  W52-12)  from  Estero 
Soldado,  near  Guaymas;  thirteen  (SU  16565, 
16607,  16651  and  17749)  from  Outer  San 
Carlos  Bay,  near  Guaymas;  one  (SU  16513) 
from  San  Francisco  Bay,  near  Guaymas; 
twenty-two  (UCLA  W50-59)  from  the  south 
end  of  Pelican  Island  in  Bahia  Kino,  Sonora; 
nineteen  (UCLA  W50-66)  from  Puerto  Liber- 
tad,  Sonora:  eighty-one  (SU  39935,  17540, 
17542,  17544  and  i7547,  CAS  20629,  CNHM 
59549  and  59550,  and  USNM  165465)  from 
just  south  of  Punta  Penasco;  eighty-eight  (CAS 
20627,  MCZ  38002  and  38003,  SU  17541, 
17543  and  17551,  TNHC  2962  and  USNM 
165466)  from  just  north  of  Punta  Penasco;  four 
(UCLA  W52-74)  from  San  Luis  Island,  Baja 
California;  four  (SU  17604)  from  Mejia  Island, 
Baja  California;  six  (SU  17613)  from  Partida 
Island  (the  northern  one),  Baja  California;  four 
(TNHC  2972)  from  just  south  of  Los  Angeles 
Bay,  Baja  California;  three  (SU  17614  and 
17615)  from  San  Francisquito  Point,  Baja 
California;  two  (NYZS  25283  and  USNM 
165467)  from  Inez  Bay,  Baja  California;  four 
(SU  17612)  from  Monserrate  Island,  Baja 
California;  nine  (SU  17611)  from  San 
Carlos  Bay,  Baja  California;  one  (SU  17610) 
from  Partida  Island  (the  southern  one), 
Baja  California;  one  (CAS  20644)  from  Es- 
piritu  Santo  Island,  Baja  California;  three  (SU 
17609)  from  Bahia  de  los  Muertos,  Baja  Cali- 
fornia; two  (SU  3014)  from  La  Paz,  Baja 
California;  one  (USNM  165464)  from  Punta 


Arenas,  Baja  California;  seven  (CAS  20628  and 
SU  17616)  from  Cape  San  Lucas,  Baja  Califor- 
nia; four  (SU  17550)  from  Arroyo  Seco,  Baja 
California;  one  (SU  17549)  from  Estero 
de  la  Purissima,  Baja  California;  sixteen  (in- 
cluding UCLA  W52-84)  from  Punta  Pequena, 
Baja  California;  fifteen  (TNHC  2963  and 
USNM  165468)  from  Abreojos  Point,  Baja 
California;  three  (CNHM  59554,  SU  17546, 
and  TNHC  2964)  from  Turtle  Bay,  Baja  Cali- 
fornia; two  (SU  17545)  from  West  San  Benito 
Island;  and  117  (UCLA  W51-221,  W51-223, 
and  W5 1-224)  from  Puerto  Mala  Arrimo  in 
San  Sebastian  Vizcaino  Bay,  Baja  California. 

Named  xantusi  for  Mr.  John  Xantus.  The 
less  satisfactory  spelling,  xantusi,  is  used  instead 
of  x anti  to  follow  the  revised  international 
rules. 

Labrisomus  (Labrisomus)  multiporosus, 
new  species 

Text-fig.  9 

Clinus  nuchipinnis  (not  of  Cuvier  & Valenci- 
ennes) Gunther,  1868:  389  (range  in  part). 
Clinus  xanti  (not  of  Gill)  Jordan  & Gilbert, 
1883:  108  (Mazatlan  in  part). 

Labrisomus  nuchipinnis  xanti  Jordan,  1885a: 
908  (range  and  synonymy  in  part). 
Labrosomus  xanti  Evermann  & Jenkins,  1891: 
163  (specimens;  synonymy  in  part). 
Labrisomus  xanti  Jordan,  1895:  500  (questions 
distinctness  from  nuchipinnis;  range  in  part) ; 
Jordan  & Evermann,  1898:  2363  (range  and 
synonymy  in  part) : Meek  & Hildebrand, 
1928:  937  (description;  range  and  synonymy 
in  part);  Jordan,  Evermann  & Clark,  1930: 
459  (range  in  part);  Herre,  1936:  415  (de- 
scription; synonymy  in  part);  Fowler,  1944: 
521  (range  in  part);  1945:  261  (synonymy 
and  range  in  part);  Hildebrand,  1946:  398 
(description;  synonymy  and  range  in  part). 
Lepisoma  xanti  Evermann  & Radcliffe,  1917: 
143,  145  (description;  synonymy  and  com- 
parison with  L.  philippii  in  part) ; Nichols  & 
Murphy,  1922:  513  (Peru). 

Labrisomus  ( Labrisomus ) species  Hubbs,  1952: 
105  (Mexico  and  Central  America). 
Labrisomus  ( Labrisomus ) species  Hubbs,  1952: 
105  (Panama  and  South  America). 
Diagnosis.— Labrisomus  multiporosus  is  most 
closely  related  to  L.  xantusi  and  L.  nuchipinnis. 
The  characters  which  I use  to  separate  L.  xantusi 
and  L.  multiporosus  are  listed  under  the  diag- 
nostic characters  of  the  former  species.  Labri- 
somus multiporosus,  L.  nuchipinnis  and  L.  phil- 
ippii have  the  largest  percentage  of  the  surface 
area  of  the  head  pierced  by  lateral  line  pores  of 
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Text-fig.  9.  Labrisomus  ( Labrisornus ) multiporosus,  67  mm,  from  TNHC  2966. 


all  Labrisomus  species  (L.  philippii  has  slightly 
less  area  covered,  but  there  is  considerable  over- 
lap). The  presence  of  scales  posterior  to  the 
opercular  scale  patch  and  the  extent  of  the 
opercle  covered  by  the  branch  of  the  pre-oper- 
cular  canal  at  the  middle  of  the  opercle  (from 
one-third  to  one-half  of  the  opercle  length  in 
these  three  species  and  less  than  one-third  of 
the  opercle  length  in  the  others)  are  easy  to 
observe.  Labrisomus  multiporosus  and  L.  wig- 
ginsi  have  the  width  of  the  comb  of  nuchal 
cirri  approximately  3.6%  or  more  of  the  stand- 
ard length,  the  remaining  species  have  a nar- 
rower width  of  the  comb  of  nuchal  cirri.  La- 
brisomus multiporosus  differs  from  L.  nuchipin- 
nis  by  having:  a more  extensive  patch  of  pala- 
tine teeth;  no  dark  ocellus-like  mark  on  the 
opercle;  and  the  width  of  the  nuchal  cirri. 

Dorsal  XVII  to  XIX  (XVII  to  XVIII),  11 
to  13  (11  to  12);  anal  II,  17  to  18;  pectorals  13 
to  15  (14). 

Scales.— Lateral  line  65  to  69  (66  to  68); 
dorsal  posteriorly  to  lateral  line  12  to  21  ( 12  to 
17).  Less  than  five  small  imbedded  scales  on 
upper  margin  of  opercle.  A large  patch  of 
scales  on  membranes  in  front  of  all  dorsal  rays 
behind  the  second  or  third  spine.  A smaller 
patch  on  membranes  in  front  of  all  anal  rays 
behind  the  thirteenth  soft  ray.  Proximal  one- 
third  of  caudal  scaled.  Proximal  one-fourth  of 
pectorals  scaled.  Belly  scales  reduced  in  size. 
Four  to  six  predorsal  scale  rows.  Twenty  to 
21  radii  on  posterior  margin  of  body  scales. 

Teeth.— Ho  enlarged  canines  behind  patch  of 
smaller  jaw  teeth.  Five  or  six  large  teeth  in  a 
row  on  vomer  with  an  occasional  small  tooth 


behind.  A large  patch  of  small  teeth  on  pala- 
tines. 

Gill-rakers.— 2 + 7,  all  simple,  third  on  lower 
arch  reaches  base  of  fourth. 

Lateral  Line.— Anterior  scales  on  posterior 
straight  segment  of  main  canal  have  two  ex- 
ternal pores  on  their  posterior  surfaces,  one  on 
each  side  of  the  canal;  posterior  two  or  three 
have  a canal  with  a pore  at  each  end.  The 
branch  of  the  pre-opercular  canal  at  the  mid- 
dle of  the  opercle  extends  almost  one-half  of 
the  distance  across  the  opercle.  Many  pores 
posteroventral  to  the  opercular  scale  patch.  The 
suborbital  branches  extend  one-third  of  the  dis- 
tance across  cheek  and  to  the  tip  of  the  maxil- 
lary. The  occipital  region  has  many  pores. 

Fins. — First  dorsal  spine  moderate,  slightly 
longer  than  the  opercle.  The  following  three 
are  approximately  the  same  length,  then  the 
spine  length  becomes  longer  to  the  thirteenth, 
which  is  one  and  one-third  times  the  first.  The 
following  spines  are  shorter  to  the  next-to-last, 
which  is  slightly  longer  than  the  first.  The  first 
five  soft  rays  are  one  and  one-third  to  one 
and  one-half  times  as  long  as  the  longest  spines. 
The  others  are  progressively  shorter.  The  first 
spine  originates  above  the  anterior  part  or  mid- 
dle of  the  opercle;  the  first  soft  ray  over  the 
middle  of  the  anal.  The  membranes  are  slightly 
incised,  and  the  last  ray  is  attached  for  two- 
thirds  to  three-fourths  of  its  length  to  a mem- 
brane which  is  bound  down  to  the  caudal  ped- 
uncle. 

The  caudal  length  equals  the  distance  be- 
tween the  bases  of  the  first  and  seventh  dorsal 
spines. 
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The  first  anal  spine  is  contained  1.4  to  1.5 
and  2.5  to  2.6  times  in  the  second  spine  and  first 
soft  ray  respectively. 

The  longest  pectoral  ray  reaches  a point 
above  the  base  of  the  first  anal  soft  ray. 

The  third  pelvic  soft  ray  equals  the  first. 

Head—  The  lip  is  contained  1.2  times  in  the 
suborbital.  The  upper  jaw  extends  to  a point 
below  the  back  of  the  pupil. 

Cirri.— The  length  of  the  nasal  cirri  is  con- 
tained 2.3  and  2.8  times  in  the  opercle  length; 
that  of  the  supra-orbital  1.5  and  the  nuchal 
1.4  to  1.6  times. 

Color— The  body  has  four  distinct  dark  bars 
at  the  base  of  the  fifth,  fourteenth,  last  dorsal 
spine  and  eighth  soft  ray.  Five  less  distinct  bars 
occur  between  each  of  the  above  and  anterior 
and  posterior  to  them.  The  posterior  bars  are 
nearly  complete,  and  those  above  the  belly  are 
interrupted  and  continued  below  by  interme- 
diate bars.  The  head  is  variably  mottled  and 
spotted  with  a distinct  doubled  dark  stripe 
from  eye  to  the  corner  of  the  pre-opercle.  A 
faint  ocellus  between  the  second  and  third  dor- 
sal spines.  The  fin  either  has  a continuation  of 
the  body  bars  or  spots  which  are  arranged  in 
anterodorsal-posteroventral  stripes.  The  anal 
spots  are  arranged  in  anteroventral-posterodor- 
sal  stripes.  The  caudal  spots  are  arranged  in  a 
cross-hatched  pattern.  The  pectoral  spots  are 
arranged  in  bars.  The  dark  basal  bar  is  espe- 
cially prominent  ventrally.  The  pelvics  are 
dusky. 

Range— Turtle  Bay,  Baja  California,  to  Lobos 
de  Afuera  Island,  Peru.  In  the  Gulf  of  Califor- 
nia it  ranges  as  far  north  as  Punta  Penasco.  It 
is  rare  in  the  northern  part  of  its  Gulf  of  Califor- 
nia range,  and  L.  xantusi  is  rare  on  the  southern 
coasts.  Where  they  are  sympatric,  L.  multipor- 
sus  specimens  appear  to  be  more  common  on 
rocks  adjacent  to  sandy  beaches. 

Material.— The  holotype  (SU  17553)  was  col- 
lected by  Carl  L.  Hubbs  on  September  4,  1946, 
from  Ormos  in  Acapulco  Harbor,  Guerrero, 
Mexico.  Two  hundred  sixty-one  paratypes  were 
examined:  two  (MCZ  38004  and  USNM 
94008)  from  Tangola-Tangola  Bay,  Mexico; 
one  (USNM  165474)  from  Port  Angeles,  Mex- 
ico; twenty-three  (TNHC  2966  and  SU  17552) 
from  Acapulco  Harbor,  Guerrero,  Mexico; 
eighteen  (SU  2894,  UCLA  W51-44,  and  USNM 
47484  and  134910)  from  Mazatlan,  Sinaloa, 
Mexico;  thirty-six  (UCLA  W51-20  and  W51- 
26)  from  Venados  Islands,  near  Mazatlan;  nine 
(UCLA  W52-1  and  W52-4)  from  just  south  of 
the  north  end  of  Guaymas  Harbor,  Sonora, 
Mexico;  forty-three  (UCLA  W52-12)  from  the 
entrance  to  Estero  Soldado,  near  Guaymas;  four 
(UCLA  W50-35,  W50-37,  and  W52-28)  from 


Punta  de  las  Cuevas,  near  Guaymas;  nine  (SU 
17600,  17601,  17602  and  17750)  from  Outer 
San  Carlos  Bay,  near  Guaymas;  one  (UCLA 
W50-59)  from  Bahia  Kino,  Sonora,  Mexico;  five 
( UCLA  W50-66)  from  Puerto  Libertad,  Sonora, 
Mexico;  six  (SU  17548,  17554,  17555  and 
17557)  from  just  south  of  Punta  Penasco,  Son- 
ora, Mexico;  one  (TNHC  2968)  from  just  south 
of  Los  Angeles  Bay,  Baja  California;  five  (SU 
17605,  17606  and  17607)  from  San  Francis- 
quito  Bay,  Baja  California;  two  (NYZS  24956 
from  Inez  Bay,  Baja  California;  one  USNM 
30743)  from  Cape  San  Lucas,  Baja  California; 
one  (SU  17558)  from  Arroyo  Seco,  Baja  Cal- 
ifornia; twenty-one  (CAS  774-782,  and  787, 
SU  17603  and  USNM  165469)  from  the  vicin- 
ity of  Magdalena  Bay,  Baja  California;  twenty- 
eight  (SU  17556)  from  Estero  de  la  Purissima, 
Baja  California;  thirty-four  (including  UCLA 
W55-84)  from  Punta  Pequena,  Baja  California; 
three  (CAS  20630,  CNHM  59552  and  TNHC 
2965)  from  Punta  Abreojos,  Baja  California; 
and  eight  (CNHM  59551,  MCZ  38005,  and 
USNM  165470  and  165471)  from  Turtle  Bay, 
Baja  California.  Forty-eight  other  specimens  are 
not  designated  paratypes  because  they  have  dif- 
ferences from  the  northern  specimens:  eight 
(USNM  128211)  from  Lobos  de  Tierra  Island; 
six  (USNM  77520  and  128212)  from  Lobos  de 
Afuera  Island;  three  (USNM  107141  and 
107145)  from  Paita,  Peru;  twelve  (SU  37578 
and  37579)  from  nine  and  one-half  miles  south 
of  Zorritos  Light,  Peru;  five  (USNM  88794) 
from  Guayaquil,  Ecuador;  one  (USNM  88793) 
from  Salinas,  Ecuador;  six  (CNHM  59553, 
NYZS  28651F,  and  SU  17564)  from  Gorgona 
Island,  Colombia;  three  (USNM  81917  and 
82191)  from  Panama;  and  four  (CAS  20631 
and  24415  and  SU  37577)  from  the  Galapagos 
Islands. 

Named  multiporosus  from  the  Latin  multus 
= many,  and  porus  — pores,  for  the  many  lateral 
line  pores  on  the  head. 

The  specimens  from  Panama,  Ecuador,  Peru 
and  the  Galapagos  Islands  usually  have  more 
dorsal  and  anal  soft  rays  (average  29.50)  than 
those  from  Mexico  (average  29.05) . When  these 
counts  are  compared  statistically  a “t”  value  of 
2.47  is  calculated  for  122  degrees  of  freedom, 
resulting  in  a probability  of  between  0.02  and 
0.01.  The  difference  is  of  marginal  statistical 
significance,  definitely  not  grounds  for  a dis- 
tinct species.  In  no  other  morphologic  character 
analyzed  were  the  two  groups  separable. 
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The  Status  of  the  Turtle  Graptemys  oculifera  (Baur)1 

Fred  R.  Cagle 

Department  of  Zoology,  Tulane  University 
(Text-figures  1-9) 


THE  status  of  Graptemys  oculifera 
(Baur)  has  been  in  question  since  it 
was  described  in  1890.  The  only  avail- 
able specimens  have  been  those  originally  de- 
posited in  the  United  States  National  Museum. 
Possibly  the  absence  of  additional  material  has 
been  the  major  reason  why  herpetologists  have 
questioned  the  existence  of  this  form. 

Although  Stejneger  had  available  all  of  the 
known  specimens,  in  the  1933  Check  List  of 
North  American  Amphibians  and  Reptiles  by 
Stejneger  & Barbour  this  form  was  listed  as 
Graptemys  pseudogeographica  oculifera, 
whereas  it  was  referred  to  as  Graptemys 
oculifera  in  the  1943  edition.  Carr  (1949) 
refers  to  it  as  follows:  “Two  forms  of  Grap- 
temys, oculifera  and  kohni,  were  described 
by  Baur  from  the  Gulf  Coast.  It  appears  that 
but  one  of  these  has  real  taxonomic  existence, 
the  other  being  a variant  which  may  approxi- 
mate the  phenotype  of  a central  Texas  form 
described  by  Stejneger  as  G.  p.  versa.  The  char- 
acters of  the  bulk  of  the  Gulf  Coast  population 
are  such  that  as  a whole  it  is  clearly  referable 
to  Baur’s  kohni,  while  the  variant  represents  his 
oculifera.”  Unfortunately,  Carr  had  not  had 
an  opportunity  to  study  material  from  the 
streams  of  that  part  of  the  Gulf  Coast  between 
western  Florida  and  extreme  eastern  Louisiana, 
an  area  occupied  by  Graptemys  distinct  from 
the  pseudogeographica  complex.  One  of  these, 
Graptemys  pulchra  Baur,  is  closely  related  to 
Graptemys  barbouri  Carr  (Cagle,  1952)  and 
the  other,  Graptemys  oculifera  (Baur),  is  one  of 
the  most  distinctive  species  of  the  North  Amer- 
ican fauna. 

Baur  found  the  specimens  on  which  he  based 
G.  oculifera  in  a group  of  turtles  shipped  to 

1TMs  research  was  aided  in  part  by  a grant  from  the 
National  Science  Foundation. 


the  National  Museum  by  Gustave  Kohn  of  New 
Orleans.  The  origin  of  the  specimens  is  some- 
what questionable  and  this  is  significant  in  de- 
fining the  range.  The  turtles  were  reportedly 
from  Mandeville,  Louisiana,  and  Pensacola, 
Florida,  but  were  probably  purchased  in  the 
French  Quarter  Market  in  New  Orleans.  This 
is  indicated  by  a statement  of  Beyer  (1900). 
In  refering  to  G.  oculifera,  he  states,  “A  hand- 
some species,  occurring  in  the  marshes  of  south- 
western Louisiana,  whence  it  is  brought  to  the 
French  Market,  New  Orleans,  along  with  ship- 
ments of  other  turtles,  and  where  Mr.  Kohn 
secured  the  specimens  in  his  collection.”  The 
reference  to  southwestern  Louisiana  is  puzzling 
as  intensive  collecting  has  produced  no  G.  oculi- 
fera from  that  area.  However,  the  species  is 
abundant  in  the  Pearl  River  in  southeastern 
Louisiana.  Either  Beyer  was  confusing  G.  oculi- 
fera and  another  species  or  this  is  a typographi- 
cal error.  Beyer,  Curator  of  the  Tulane  Museum, 
worked  closely  with  Kohn,  a private  collector, 
and  was  probably  well  informed. 

Kohn  retained  eight  specimens  of  G.  oculi- 
fera in  his  private  collection,  which  he  eventu- 
ally contributed  to  Tulane  University.  One  of 
these  (Tulane  7628)  is  recorded  as  being  col- 
lected at  Pensacola,  Florida,  May,  1888. 

Turtle  collecting  in  southern  Alabama  and 
Florida  has  failed  to  produce  a specimen  of 
G.  oculifera.  The  records  from  Pensacola  must 
be  considered  erroneous  until  additional  ma- 
terial is  available.  It  may  be  assumed  that  Kohn 
accepted  the  locality  data  of  the  person  from 
whom  his  purchase  was  made.  Baur  selected  the 
specimens  from  Mandeville,  Louisiana,  as  types 
but  did  not  designate  his  specimens  other  than 
stating,  “Such  specimens  are  also  in  the  collec- 
tion of  the  Smithsonian  Institution,  Washington, 
D.  C.  sent  by  Mr.  G.  Kohn,  No.  15,511,  etc.” 
Baur  obviously  based  his  description  on  U.S. 
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N.M.  specimens  15508,  9,  10  and  11.  No.  15511 
is  entered  in  the  U.S.N.M.  catalogue  as  “Co- 
type” and  under  the  remarks  column  is  entered 
“Type,  Science,  Nov.  7,  1890,  p.  262.”  Speci- 
men No.  15510  was  sent  to  the  Museum  of 
Comparative  Zoology,  Harvard  University, 
where  it  is  catalogued  as  No.  6430  from  near 
New  Orleans,  La.,  collector  George  Baur,  1895, 
and  is  labeled  as  the  type.  All  four  specimens 
must  be  considered  as  cotypes.  It  is  assumed  that 
they  were  taken  from  the  Pearl  River,  26  miles 
east  of  Mandeville,  as  there  is  no  suitable  habi- 
tat for  these  turtles  in  the  immediate  vicinity 
of  Mandeville. 

Baur,  much  impressed  with  his  specimens,  re- 
marked that  it  was  one  of  the  most  beautiful  of 
American  tortoises.  His  description  emphasizes 
these  characters: 

carapace  broader  and  higher  and  bony 
tubercles  more  developed  than  in  M. 
lesueuri  (—  G.  pseudogeographica ) . 

each  shield  of  the  carapace  with  a yellow 
ring,  bordered  on  the  inside  and  outside 
with  dark  olive-brown. 

plastron  yellow. 

head  with  a large  yellow  spot  behind  the 
eye,  two  yellow  stripes  from  the  orbit 
backwards  and  a very  characteristic  yel- 
low stripe  covering  the  whole  lower  jaw. 

This  combination  of  characters  separates  G. 
oculifera  from  the  other  Gulf  Coast  Grapte- 
mys.  None  of  the  species  has  a complete  yellow 
ring  on  each  costal  shield  bordered  with  olive- 
brown.  G.  barbouri  may  have  C-shaped  mark- 
ings on  the  costals  but  they  approximate  the 
width  of  those  in  G.  oculifera  in  only  an  occa- 
sional individual.  The  head  markings  of  G.  oculi- 
fera are  not  approached  by  those  of  any  other 
turtle.  G.  pulchra  does  not  have  a transverse 
yellow  band  on  the  lower  jaw.  Neither  G.  versa 
nor  any  of  the  members  of  the  G.  pseudogeo- 
graphica complex  approach  the  description 
given  by  Baur.  The  original  description  remains 
an  adequate  diagnosis. 

The  emphasis  Baur  placed  on  the  distinctive- 
ness of  this  turtle  made  all  the  more  puzzling 
its  absence  from  collections  and  the  failure  of 
Tulane  field  crews  to  collect  the  turtle  in  1947 
and  1948.  Repeated  attempts  to  collect  it  in  the 
Florida  Parishes  of  Louisiana  and  southern  Mis- 
sissippi failed,  and  local  biologists  and  fisher- 
men insisted  that  there  were  no  such  animals  in 
Louisiana  or  Mississippi.  The  decision  was  made 
that  G.  oculifera  was  nonexistent  in  the  region 
of  the  type  locality.  Then,  during  the  recatalog- 
ing of  the  Gustave  Kohn  collection,  which  has 
been  stored  for  many  years  in  the  Tulane  Mu- 
seum, a series  of  dried  specimens  was  found. 


Some  of  these  were  labeled  “Pearl  River”  and 
field  crews  were  again  dispatched.  Operation  of 
hoop  nets  and  trot  lines  failed  to  produce  a 
single  map  turtle,  but  fortunately  one  student 
found  a female  crawling  ashore  to  nest.  The 
collecting  of  this  specimen  stimulated  a re- 
newal of  efforts  which  were  successful  when 
Mr.  A.  H.  Chaney  found  that  these  turtles  could 
be  readily  collected  at  night  from  their  resting 
places  just  under  the  water  surface  (Chaney  & 
Smith,  1950).  With  one  man  operating  the 
motor  of  a 12- foot  skiff  and  another  “grab- 
bing” turtles  from  a position  in  the  prow,  a 
number  of  specimens  were  taken. 

I am  especially  grateful  to  Messrs.  A.  H. 
Chaney,  Clarence  Smith,  Paul  Anderson,  John 
Boley,  Ernest  Liner  and  Samuel  Nichols  for 
their  enthusiastic  collecting  which  provided  this 
series  of  specimens. 

Description.  — A supplementary  description 
based  on  this  series  will  emphasize  the  distinc- 
tiveness of  this  form  and  furnish  a description 
of  the  young.  A total  of  66  specimens  including 
hatchlings,  juveniles  and  adults  of  both  sexes 
are  deposited  in  the  Tulane  Collections.  The 
abbreviations  used  are:  PI  — maximum  plastron 
length;  Hw  — maximum  head  width;  Aw  — 
alveolar  width  of  upper  jaw,  maximum  measure- 
ment; Cw  — maximum  carapace  width;  Cl  — 
maximum  carapace  length. 

Juveniles.  — This  composite  description  is 
based  on  10  individuals  (Tulane  11667-3, 11960, 
12100,  12103,  12285,  12289,  12418,  12457, 
14008,  14009)  from  the  Pearl  River.  The  smal- 
lest (Tulane  11960)  is  a hatchling  and  the 
largest  (Tulane  12285)  is  in  its  first  season  of 
growth.  The  most  unusual  feature  of  this  series 
is  the  remarkable  uniformity  of  morphology  and 
color  pattern.  Local  samples  of  other  species  of 
Graptemys  are  typically  very  variable. 

The  head  pattern  consists  of  two  wide,  yel- 
low, longitudinal  lines,  one  entering  the  orbit 
and  the  other  terminating  between  the  eye  and 
the  rear  of  the  upper  jaw  shield.  A transversely 
elongated  spot  immediately  posterior  to  the 
orbit  may  or  may  not  be  connected  to  a longi- 
tudinal line  extending  from  the  spot  or  its  vicin- 
ity posteriorly  onto  the  neck  (Text-fig.  1).  A 
single  mid-dorsal  stripe  extends  between  the 
orbits  to  terminate  near  the  inner  margins  of 
the  postorbital  spots.  This  central  line  may  be 
bordered  laterally  by  a poorly  defined,  irregular 
line  touching  the  upper  edge  of  the  orbit.  The 
lower  jaw  has  a sharply  defined,  transverse  light 
band  with  black  borders.  The  ventral  surface 
of  the  neck  is  dominated  by  three  wide  longi- 
tudinal lines  (Text-fig.  2).  The  yellow  stripes 
of  the  head  and  neck  are  distinct  on  the  generally 
black  background  color.  The  greatest  variation 
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Text-fig.  1.  Graptemys  oculifera.  The  head  of  a 
hatchling.  The  white  areas,  exclusive  of  the  orbit, 
are  yellow. 


Text-fig.  2.  Graptemys  oculifera.  Ventral  surface 
of  the  jaw  and  neck  of  a hatchling. 


Text-fig.  3.  Graptemys  oculifera.  Lateral  view  of 
the  carapace  and  plastron  of  a juvenile. 


occurs  in  the  postorbital  marking,  which  may 
be  an  oval  isolated  spot,  a comma-shaped  line 
connecting  with  the  dorsal  neck  lines  or  a drop- 
shaped mark  connecting  with  the  supra-orbital 
as  well  as  the  dorsal  neck  lines. 

The  carapace  is  olive  to  brown  with  each 
costal  and  marginal  bearing  a complete  or  near- 
complete  circle  of  yellow  or  orange.  The  first 
and  fifth  vertebrals  have  curved  longitudinal 
yellow  marks  and  the  other  vertebrals  exhibit  ir- 
regular yellow  areas  or  are  immaculate.  The  ver- 
tebral spines  are  all  tipped  with  black  (Text-fig. 
3). 


The  plastron  and  bridge  are  yellow  with  black 
bands  on  the  rear  edge  of  each  shield. 

The  anterior  surface  of  the  front  legs  has  two 
wide  yellow  bands,  similar  in  width  and  color 
to  the  longitudinal  neck  stripes,  extending  from 
the  2nd  and  4th  toes  onto  the  shoulder.  Similar 
stripes  are  present  on  the  upper  surface  of  the 
rear  leg  but  the  pattern  is  supplemented  by  an 
additional  thin  line  extending  from  the  base  of 
the  3rd  toe. 

The  jaws  appear  to  be  effective  as  shearing  in- 
struments; the  horny  surface  of  the  lower  jaws 
fit  smoothly  within  the  downward-projecting 
edges  of  the  upper.  When  the  mouth  is  closed, 
the  upper  horny  covering  overlaps,  and  in  lateral 
view,  covers  completely  that  of  the  lower.  The 
head  is  narrow  (Pl/Hw  = 3. 7-5. 2).  The  alveolar 
surfaces  of  the  upper  jaw  are  narrow  (Hw/Aw  = 
4.2-4.9)  and  are  separated  at  the  midline  by  a 
space  nearly  equal  to  the  width  of  the  alveolar 
surfaces. 

The  first  four  vertebrals  bear  spines  equal  in 
height  (measured  from  tip  to  suture  between 
the  vertebral  bearing  the  spine  and  the  next  pos- 
terior one)  to  the  suture  between  the  1st  and 
2nd  marginal.  In  some  individuals  the  spines 
project  rearward.  (Text-fig.  4)  The  carapace 
width  is  greater  than  the  carapace  length  in 
every  individual.  The  projection  of  the  posterior 
corner  of  each  marginal  beyond  the  anterior 
corner  of  that  of  the  next  posterior  one  gives 
the  carapace  a serrate  outline.  The  11th  and 
12th  marginals  are  deeply  emarginate  (Text- 
fig.  5). 

Adult  Males.  — This  description  is  based  on 
five  males:  one  just  entering  its  first  season  of 
sexual  maturity  (Tulane  12287)  and  four  (Tu- 


Text-fig.  4.  Graptemys  oculifera.  The  variation  in 
vertebral  spines  of  three  juveniles. 


140 


Zoologica:  New  York  Zoological  Society 


[38:  10 


lane  12402,  12286,  12408,  12054)  ranging  in 
plastron  length  from  6.52-7.40  cm.  The  color 
pattern  of  the  head,  legs  and  carapace  is  as 
distinct  as  in  juveniles  except  in  the  largest  in- 
dividual (12054)  in  which  black  color  in  the 
costals  is  beginning  to  obscure  the  brillant  yel- 
low rings.  The  black  pigment  bordering  the 
seams  is  diffused  and  reduced  in  contrast  to  the 
juveniles  but  essentially  the  same  pattern  is  re- 
tained. 

The  jaws  are  not  proportionately  broader  than 
in  the  juveniles  but  the  scissors-action  is  ac- 
centuated by  an  increase  in  the  tendency  of  the 
lower  jaw  to  become  spoon-like  and  for  the 
horny  edges  of  the  upper  jaw  to  become  propor- 
tionately higher.  The  head  is  not  broadened  in 
relation  to  plastron  length  (Pl/Hw  = 4. 2-4.9) . 
The  alveolar  surfaces  of  the  upper  jaw  are  nar- 
row (Hw/Aw  = 4. 2-4.9). 


Text-fig.  5.  Graptemys 
oculifera.  The  marginal 
plates  of  a hatchling. 


The  vertebral  spines  remain  distinct,  as  in  the 
juveniles,  with  the  height  of  the  2nd  spine  equal 
to  the  length  of  the  seam  between  the  first  and 
second  marginal.  The  serrate  appearance  of  the 
carapace  outline  so  conspicuous  in  the  juveniles 
is  somewhat  reduced  in  the  smaller  males  and 
markedly  so  in  the  largest  (Text-fig.  6) . The 
nails  of  the  forefeet  are  elongated  (length  of 
3rd  nail  equal  to  length  of  seam  between  2nd 
and  3rd  marginal)  except  in  the  male  just 
entering  its  first  season  of  maturity. 

Female.  — An  adult  female  (Tulane  12052; 
Pearl  River,  La.,  June  7,  1950;  Cl  13.8  cm,  PI 
13.2  cm,  Cw  11.7  cm)  retains  the  juvenile 
color  pattern  except  on  the  plastron,  where  the 
black  pigment  is  reduced.  The  bright  yellow 
head  markings  are  conspicuous  against  the  black 
background  (Text-fig.  7). 

The  horny  edges  of  the  upper  jaw  extend  for- 
ward and  cause  the  tip  of  the  jaw  to  project 
well  beyond  the  nostrils  (Text-fig.  7).  The  head 
is  but  slightly  broadened  (Pl/Hw  = 6.58). 
The  alveolar  surfaces  are  broader  in  relation  to 


head  width  (Hw/Aw  = 2.2)  than  in  the 
juveniles. 

The  vertebral  spines  are  reduced.  Those  of  the 
1st  and  4th  remain  as  mere  elevated  ridges; 
those  of  the  2nd  and  3rd  are  equal  in  height  to 
1/3  of  the  length  of  the  seam  between  the  1st 
and  2nd  marginal. 

Eight  females  collected  1888-1892  and  de- 
posited in  the  Tulane  Collection  by  Kohn  are 
larger  (PI  14.0-20.0  cm)  than  any  of  those  col- 
lected in  recent  years.  The  largest  (Tulane  26) 
has  these  dimensions:  Cl  21.5  cm,  Cw  18.0  cm, 
PI  20.0  cm.  Each  has  a narrow  head  (Cw/Hw 
= 6.34-6.88;  Pl/Hw  = 6.92-7.56)  and  a wide 
carapace  (Cl/Cw  = 1.14-1.23). 

All  retain  the  bright  head  markings  of  the 
juveniles  but  the  yellow  circles  on  the  costal 
plates,  although  still  distinct,  are  partially  ob- 
scured by  black  pigment. 

The  skull  of  one  female  (Tulane  26;  plastron 
length  20  cm)  exhibits  some  unusual  features 
for  members  of  the  genus  Graptemys  (Text-fig. 
8).  It  is  elongate  (width  equals  2/3  of  distance 
between  condyle  and  tip  of  premaxilla);  the 
orbit  is  large  (maximum  diameter  larger  than 
that  of  tympanum).  The  zygomatic  arch  is 


Text-fig.  6.  Graptemys  oculifera.  The  carapace 
and  head  of  a mature  male  (Tulane  12054). 
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formed  primarily  by  the  postorbital.  The  maxil- 
lary is  thin,  its  height  below  the  orbit  less  than 
the  maximum  width  of  the  zygomatic  arch.  The 
frontals  extend  between  the  nasals  to  form  a 
triangle.  The  upper  edge  of  the  squamosal  is 
smooth  and  rounded  and  there  is  no  laterally 
projecting  ridge  on  the  occipital  process.  The 
parietals  and  postorbitals  are  rounded  and  do 
not  have  the  rear  edge  projecting  as  a thin  shelf 
over  the  temporal  opening.  The  maxillaries  are 
widely  separated  at  the  midline  by  the  vomer 
and  the  premaxilla.  No  secondary  palate  is 
formed. 


Text-fig.  7.  Graptemys  oculifera.  The  head  of  a 
mature  female  (Tulane  12052). 


The  skull  is  unlike  that  of  large  females  of 
other  known  species  of  Graptemys  in  its  gen- 
erally lighter  structure,  the  absence  of  strong 
ridges,  projecting  shelves  and  broadened  alveo- 
lar surfaces  (Text-fig.  8). 

Range.  — These  turtles  are  known  only  from 
the  Pearl  River  and  one  of  its  tributaries,  the 
Bogue  Chitto  River.  The  localities  of  Kohn  are 
not  acceptable.  Specimens  in  the  collection  of 
the  National  Museum  (029539,  New  Orleans; 
15509-15511,  New  Orleans)  were  probably  ob- 
tained in  the  local  markets. 

The  absence  of  G.  oculifera  from  any  of  the 
non-tributary  streams  east  of  the  Pearl  River 
(although  G.  pulchra  and  G.  barbouri  are  often 
abundant)  suggested  a question  as  to  the  west- 
ern limits  of  its  range,  which  had  been  assumed 
to  be  the  Mississippi  River.  Collecting  in  the 
Amite  and  the  Tangipahoa  River,  both  of  which 
appear  to  provide  satisfactory  habitat,  did  not 
produce  specimens.  It  thus  appears  that  this 
form  may  be  limited  in  its  distribution  to  the 
Pearl  River  and  its  tributaries. 

Habitat.  — Wide  sand  beaches,  a narrow 
channel  and  fast  current  are  characteristic  of 
those  stretches  of  the  river  where  the  turtle  is 
abundant.  It  was  frequently  seen  basking  on  logs 
and  debris  over  deep  water  into  which  it  plunged 
at  the  slightest  disturbance.  On  such  basking  sites 
it  was  commonly  associated  with  G.  pulchra, 
which  occupies  the  same  habitat. 

These  turtles  have  a remarkable  ability  to 
swim  against  the  rapid  current.  Two  were  ob- 
served feeding  on  material  growing  on  the  un- 


dersurface of  a log  projecting  from  the  water. 
The  objects  (snails?)  were  almost  beyond  reach 
and  the  turtles  had  to  assume  a vertical  position 
and  paddle  vigorously  enough  to  lift  the  front 
end  of  the  carapace  from  the  water.  By  then 
extending  the  neck  to  its  greatest  length  they 
could  reach  the  log  for  a few  seconds.  When 
they  ceased  paddling,  the  current  carried  them 
rapidly  downstream,  but  in  a few  minutes  they 
would  appear  again,  swimming  easily  against 
the  current. 

Population.  — Hand  collecting  at  night  in  the 
Pearl  River  has  produced  51  Graptemys  oculi- 
fera, 105  Graptemys  pulchra,  20  Pseudemys 
scripta  troosti,  12  Pseudemys  floridana  mobilen- 
sis,  7 Sternotherus  carinatus  and  3 A my  da 
fero.x  spinifera.  No  other  species  of  Graptemys 
were  collected  in  the  Pearl  River  or  its  tribu- 
taries. It  should  not  be  assumed  that  this  sample 


Text-fig.  8.  Graptemys  oculifera.  The  skull  of  an 
old  female  (Tulane  26;  plastron  length  20  cm). 
Only  evident  sutures  are  indicated. 
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adequately  reflects  the  species  ratio  in  the  river, 
as  night  hand  collecting  is  probably  highly  selec- 
tive for  Graptemys. 

The  G.  oculifera  sample  includes  42  juveniles, 
6 mature  males  and  3 mature  females.  Of  the 
juveniles,  3 are  2-3  cm  in  plastron  length;  28, 
3-4  cm;  8,  4-5  cm;  3,  5-6  cm.  All  except  7, 
which  were  in  their  second  growing  season,  were 
hatchlings  in  their  first  season.  Those  in  the 
second  growing  season  were  3.9-5. 8 cm  in 
length.  The  largest  male  was  7.4  cm  in  length, 
the  largest  female  13.2  cm. 

The  larger  males  and  females  had  some  of 
the  indications  of  older  age  and  had  no  evi- 
dence of  recent  growth.  No  larger  individuals 
observed  on  basking  sites  or  in  the  water  were 
positively  identified  as  of  this  species.  These 
turtles  become  mature  at  a smaller  size  than 
any  other  species  of  Graptemys  — except  pos- 
sibly an  undescribed  population  in  western 
Louisiana. 

Growth.  — The  growth  rates  and  ages  of  these 
turtles  may  be  determined  by  analysis  of  the 
rings  on  the  plastral  plates.  Procedures  previ- 
ously described  by  Cagle  (1946)  were  used. 

The  plastron  lengths  at  hatching  as  calculated 
from  measurements  of  birth  plates  on  1 8 turtles 
in  their  first  season  of  growth  were  2.23-3.21 


cm,  with  a mean  of  2.71  cm.  The  plastron 
lengths  of  4 hatchlings  that  had  not  grown  were 
2.23,  3.06,  3.22  and  3.27  cm. 

Juveniles  (19)  collected  during  the  early  part 
of  their  first  growing  season  (June  4-7)  from 
Pearl  River  were  3.57  to  5.37  cm  in  length; 
juveniles  (7)  in  their  2nd  growing  season  were 
3.90-5.80  cm  in  length. 

The  smallest  sexually  mature  male  (Tulane 
12287)  was  6.52  cm  in  length  (Cl  7.18,  Cw 
6.5).  Although  motile  sperm  were  present  in  the 
testes,  the  toe  nails  and  pre-anal  area  were  not 
conspicuously  elongated.  This  animal  was  prob- 
ably entering  its  first  season  of  maturity.  Growth 
rings  evident  on  the  abdominal  plate  indicate 
that  the  turtle  was  in  its  5th  season  of  growth. 
Two  males  (Tulane  12402;  12408),  each  6.9 
cm  in  length,  were  also  in  their  5th  growing 
season.  Growth  calculations  could  not  be  made 
for  12402  but  the  rings  are  distinct  on  12408 
and  growth  could  be  calculated  (Text-fig.  9). 

The  other  males  had  no  growth  rings  and  no 
evidence  of  recent  growth.  The  males  evidently 
become  sexually  mature  during  the  fifth  growing 
season,  after  which  growth  slows  or  ceases. 

The  juvenile  females  may  have  a more  rapid 
rate  of  growth  than  the  males  in  the  2nd  season 
of  growth.  One,  6.8  cm  in  plastron  length,  was 
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Text-fig.  9.  The  growth  of  four  individuals  of  Graptemys  oculifera.  Solid  lines  indicate  the 
growth  of  juvenile  males;  dotted  lines  indicate  the  growth  of  juvenile  females. 
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in  the  2nd  season  of  growth  (Text-fig.  9:  14011) 
Another,  7.12  cm  in  plastron  length,  was  in  the 
5th  season  of  growth  (Text-fig.  9:  12366).  None 
of  the  adult  females  showed  evidence  of  recent 
growth. 

The  smallest  sexually  mature  female  was  12.8 
cm  in  plastron  length  (Cl  14.8;  Cw  11.7);  the 
largest  female  from  the  Pearl  River  was  13.2 
cm  in  length. 

Breeding  Habits.  — The  repeated  observation 
of  many  turtle  trails  crossing  the  wide  sand 
beaches  of  the  Pearl  River  in  early  June  sug- 
gested that  the  Map  Turtles  might  be  depositing 
their  eggs.  A heavy  morning  rain  on  June  4, 
1951,  removed  all  trails  from  the  sand.  An  ex- 
amination of  four  beaches  in  late  afternoon  pro- 
duced 12  trails  of  either  Graptemys  or  Pseude- 
mys  leading  across  the  beach  into  the  shore 
grass.  Many  short  “basking  trails”  were  also 
evident.  A female  of  G.  oculifera,  first  seen  at  a 
distance,  was  watched  for  35  minutes  in  the 
hope  that  she  would  excavate  a nest.  During  the 
time  of  observation  the  only  activity  of  the  turtle 
was  the  occasional  lifting  of  her  head.  Finally 
tiring  and  obviously  alert  to  danger  she  moved 
toward  a dense  clump  of  grass  where  she  was 
captured. 

The  pattern  of  movement  could  be  readily 
traced  in  the  sand.  The  female  had  emerged 
from  the  water,  attempted  unsuccessfuly  to 
climb  a 45°  sandy  slope,  turned  back  toward 
the  water  and  then  again  attempted  to  climb 
upward.  Reaching  the  top  of  the  slope,  she 
moved  100  feet  across  the  sand  to  a tree,  circled 
it  and  then  moved  diagonally  to  the  place  of 
nest  construction.  About  six  feet  from  the  nest 
side  she  had  dug  a “trial  nest,”  a hole  5 cm  in 
diameter.  Two  roots,  XA  inch  in  diameter,  cross- 
ing the  cavity,  possibly  discouraged  her  digging. 

The  nest  was  not  complete.  A hole  3 cm  in 
diameter  and  3 cm  deep  led  to  a cavity  9 cm  in 
depth.  The  temperature  of  the  sand  was  28.8° 
C.  in  the  nest  and  29.2°  C.  at  the  surface. 

The  female  was  the  smallest  mature  one  col- 
lected (PI  12.8  cm;  Cl  14.8  cm).  Three  eggs 
were  present  in  the  left  oviduct.  Two  of  these 
measured  respectively:  lengths  4.03,  4.00,  di- 
ameters 2.06,  2.10  cm.  The  right  oviduct  was 
empty.  The  left  ovary  had  three  ovulation  points 
(corpus  luteum,  corpus  albicans)  and  two  ovo- 
cytes 1.6  and  2.1  cm  in  diameter.  The  right 
ovary  had  no  ovulation  points  and  two  ovo- 
cytes 1.6  and  2.3  cm  in  diameter.  This  female 
was  depositing  her  first  clutch  of  eggs  this  season 
and  would  probably  have  deposited  a second 
clutch  of  four. 

A female  collected  in  April,  1950  (PI  13.0 
cm;  Cl  14.0  cm)  had  not  deposited  eggs  but 


contained  four  ovocytes  0.7  to  1.5  cm  in  di- 
ameter in  each  ovary. 

Food.  — A study  of  the  food  habits  of  the 
species  of  Graptemys  is  in  progress  and  will  be 
separately  reported.  The  stomach  contents  of  six 
juveniles,  three  mature  males  and  one  large  fe- 
male included  only  fragments  of  insects.  The 
utilization  of  insects  as  food  is  correlated  with 
the  elaboration  of  the  scissor-like  jaw  mechan- 
ism and  the  failure  of  the  alveolar  surfaces  of 
the  jaw  to  become  broadened  as  in  other  Grapte- 
mys. 

Relations  .—  Graptemys  oculifera  differs  from 
any  other  known  species  of  Graptemys  in  many 
respects  of  morphology  and  ecology.  The  juven- 
ile color  pattern  and  its  retention  in  large  adults, 
the  broad  carapace  of  the  females,  the  elevated 
vertebral  spines  of  the  males,  the  extreme  ser- 
ration of  the  carapace  edge  in  juveniles  and 
males,  the  narrow  head,  the  scissors-action  of 
the  jaws,  the  absence  of  the  typical  ridges, 
shelves  and  broadened  alveolar  surfaces  in  the 
skull,  the  small  size  of  the  mature  males  and 
females,  the  restricted  range  — all  these  and 
other  characters  make  G.  oculifera  distinctive. 

In  its  skull  features  this  form  approaches  most 
closely  juvenile  Graptemys  pseudogeographica 
kohni.  Perhaps  it  is  significant  that  it  replaces 
G.  p.  kohni  in  its  range.  Certainly  it  cannot  be 
closely  associated  in  its  morphology  with  G. 
pulchra  with  which  it  occurs  in  the  Pearl  River 
(Cagle,  1952). 

Analysis  of  the  origin  and  evolution  of  G. 
oculifera  must  wait  detailed  study  of  its  oste- 
ology, ecology  and  distribution. 
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A New  Stathmonotid  Blenny  from  the  Pacific  Coast  of  Mexico 

J.  Bohlke 

Natural  History  Museum,  Stanford  University,  California 
(Text-figure  1) 


DURING  the  summer  of  1951  a large 
part  of  the  eastern  Pacific  collections 
made  under  the  auspices  of  the  New  York 
Zoological  Society  was  presented  to  the  Natural 
History  Museum  of  Stanford  University.  The 
material  from  the  Eastern  Pacific  Zaca  Expedi- 
tion, 1937-38,  disclosed,  among  other  things, 
a pair  of  small  blennies  which  proved  to  be  un- 
described. 

These  specimens  were  immediately  referred 
to  the  genus  Parastathmonotus  Chabanaud  be- 
cause of  the  presence  of  supra-orbital  cirri  and 
the  absence  of  vomerine  teeth,  but  the  later 
staining  of  a specimen  showed  errors  in  Cha- 
banaud’s  generic  description  great  enough  to 
render  his  genus  untenable.  The  first  of  these 
was  the  discovery  of  a splint  before  the  ven- 
tral rays  of  Parastathmonotus  sinus-californici 
Chabanaud  (1942,  p.  115,  figs.  3-7)  and  of  the 
new  species.  Also,  several  specimens  of  Stath- 
monotus  culebrai  Seale  (1940,  p.  42,  pi.  5)  were 
examined  and  were  found  to  be  very  similar  to 
the  new  species  except  for  the  absence  of  a su- 
pra-orbital cirrus;  culebrai  lacks  vomerine  teeth 
(another  of  Chabanaud’s  generic  distinctions), 
a few  of  which  are  present  in  both  the  nominal 
Atlantic  species.  Thus,  evidently  only  the  pres- 
ence of  supra-orbital  cirri  separates  Parastath- 
monotus and  Stathmonotus.  In  view  of  the  over- 
whelming similarities  between  Stathmonotus  cu- 
lebrai and  the  new  form,  the  cirrus  difference 
is  considered  only  specific  and  the  two  genera 
are  united.  The  alternative  would  be  to  recognize 
separate  genera  in  the  Atlantic  and  the  Pacific, 
distinguished  by  the  presence  or  absence  of  a 
few  teeth  on  the  vomer.  It  should  also  be  men- 
tioned that  Bean,  Jordan  & Evermann,  Chaban- 
aud and  Beebe  & Tee-Van,  have  all  made  state- 
ments to  the  effect  that  the  stathmonotid  blen- 
nies have  no  lateral  lines.  Lateral  lines  have  been 


found  on  specimens  of  Stathmonotus  sinus-cali- 
fornici, S.  culebrai  and  the  new  species,  no 
specimens  of  the  Atlantic  species  having  been 
examined  for  this  character  by  the  writer. 

The  following  is  an  artificial  key  to  the  stath- 
monotid blennies  (now  all  of  a single  genus), 
based  to  a large  extent  upon  the  literature: 

la.  Supra-orbital  cirrus  present  (Pacific). 

2a.  Cirrus  or  flap  present  on  posterior  rim  of 
anterior  nostril;  dorsal  spines  37-38;  anal  II, 
20-11,22;  depth  6. 1-6.6  and  head  4. 5-4. 7 in 
standard  length  (southern  Mexico) 

Stathmonotus  lugubris,  new  species 
2b.  No  cirrus  on  anterior  nostril;  dorsal  spines 
40-45;  anal  11,22-11,26;  depth  7. 1-9.9  and 
head  4. 9-5. 8 in  standard  length  (Gulf  of  Cal- 
ifornia)   Stathmonotus  sinus-californici 

(Chabanaud) 

lb.  Supra-orbital  cirrus  absent  (Tropical  American 
Atlantic  and  Pacific). 

3 a.  Teeth  absent  from  vomer;  dorsal  spines 
39-42;  pectoral  fins  2.5  in  length  of  head 
(Costa  Rica,  Pacific) 

Stathmonotus  culebrai  Seale 
3 b.  A few  teeth  present  on  vomer;  dorsal  spines 
47-51;  pectoral  fins  about  4.0-6. 1 in  length 
of  head  (Atlantic). 

4a.  Dorsal  spines  49-51;  anal  11,26-11,29 
(Key  West;  Antigua*) 

Stathmonotus  hemphilli  Bean 
4b.  Dorsal  spines  47;  anal  11,25  (Port-au- 
Prince  Bay,  Haiti) 

Stathmonotus  corallicola  Beebe  & Tee-Van 

Stathmonotus  lugubris,  new  species 
Holotype—  Stanford  No.  17748,  23  millime- 
ters in  standard  length,  from  Port  Guatulco, 
Golfo  de  Tehuantepec,  Mexico  (at  approxi- 
mately 15°  43'  30"  North  Latitude,  96°  08'  West 

* See  Herre,  1942,  p.  19,  where  the  dorsal  count  is 
incorrectly  given  as  50;  it  is  actually  49. 
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Longitude).  Collected  on  the  Eastern  Pacific 
Zaca  Expedition,  1937-38,  of  the  New  York 
Zoological  Society;  December  3,  1937. 

Paratype  — 1 specimen,  19  millimeters  in 
standard  length,  with  the  same  data  as  the  holo- 
type.  This  specimen  was  cleared  and  stained 
after  being  measured  and  described,  to  check 
more  closely  on  the  teeth  and  ventral  rays. 

Diagnosis—  A new  species  distinguished 
mainly  by  the  following  combination  of  char- 
acters: a supra-orbital  cirrus,  a cirrus  or  flap  on 
posterior  rim  of  anterior  nostril  and  a low  num- 
ber of  dorsal  spines  and  anal  rays.  It  is  closest 
to  Stathmonotus  sinus-calif ornici  (Chabanaud). 


of  interorbital  area,  non-tubular  but  with  a 
slightly  raised,  flared  border;  distance  of  fore 
rim  of  posterior  nostril  from  tip  of  snout 
4.9  (5.5)  in  head.  Gape  moderately  long,  max- 
illary reaching  posterior  margin  of  eye  or  be- 
yond on  the  male,  failing  to  reach  that  point 
on  the  female;  distance  from  tip  of  snout  to 
posterior  end  of  maxillary  2.5  (3.0)  in  head. 
This  sexual  dimorphism  parallels  that  noted  by 
Clark  Hubbs  (1952,  p.  70)  for  the  species  of 
Paraclinus  Mocquard.  Lips  wide:  upper  lip 
widest,  broader  than  diameter  of  pupil,  con- 
tinued across  tip  of  snout  although  incised,  with 
a free  edge;  lower  lip  with  free  edges  but  not 


Text-fig.  1.  Pencil  drawing  of  the  holotype  of  Stathmonotus  lugubris;  23 
millimeters  in  standard  length.  Drawn  by  Dr.  John  C.  Briggs. 


Description—  In  the  description  that  follows, 
the  proportions  for  the  holotype  are  given  first, 
followed,  in  parentheses,  by  those  for  the  para- 
type. Body  slender,  elongate,  resembling  the 
northern  “eel-blennies”  in  general  conformation 
though  probably  allied  most  closely  to  fishes 
like  the  emblemariids.  Greatest  depth  at  origin 
of  dorsal  fin  6.6  (6.1)  in  standard  length.  Body 
only  slightly  compressed  anteriorly;  width  of 
body  at  anus  2.6  (2.6)  in  length  of  head. 

Head  moderate,  4.7  (4.5)  in  standard  length, 
much  more  massive  on  the  holotype  (a  male) 
than  the  paratype  (a  female).  Eyes  lateral,  their 
diameter  4.9  (4.4)  in  head.  Interorbital  nar- 
rower than  eye,  convex,  its  least  bony  width 
7.5  (7.6)  in  length  of  head.  Snout  slightly 
shorter  than  eye,  blunter  on  the  holotype  than 
on  the  paratype,  its  length  5.4  (5.6)  in  head. 
A single  short  cirrus  present  above  each  eye, 
those  of  female  more  expanded,  distally,  than 
those  of  male.  Cirri  simple  with  the  exception  of 
that  above  the  right  eye  of  the  holotype  which 
appears  to  be  very  slightly  bilobed.  However, 
this  condition  may  be  apparent  rather  than  real, 
and  a result  of  preservation  or  handling  of  the 
specimen.  Distance  from  tip  of  snout  to  supra- 
orbital cirrus  contained  2.9  (3.1)  times  in  length 
of  head;  length  of  cirrus  8.2  (7.5)  in  head.  An- 
terior nostril  tubular,  projecting  up  and  forward 
at  an  angle,  bearing  a pointed  flap  or  cirrus  on 
its  posterior  rim;  distance  of  front  rim  of  an- 
terior nostril  from  tip  of  snout  9.2  (8.4)  in 
length  of  head.  Posterior  nostrils  in  front  part 


continuous  across  tip  of  chin.  Gill  membranes 
united,  forming  a free  fold  across  isthmus  which 
extends  posteriorly  so  as  to  overlap  slightly  the 
bases  of  the  ventral  fins.  Upper  jaw  teeth  in 
two  series  which  are  separated  anteriorly  and 
meet  posteriorly;  outer  series  of  about  10  (on 
the  paratype)  conical  teeth  whose  tips  are 
slightly  recurved;  inner  series  of  about  the  same 
number  of  similar  teeth,  though  somewhat 
smaller.  Mandibular  teeth  11  or  12,  irregularly 
biserial  anteriorly,  in  a single  series  laterally, 
similar  in  shape  and  size  to  the  outer  teeth  of 
the  upper  jaw.  No  vomerine  teeth.  Branchi- 
ostegals  6. 

Pores  of  lateral  line  system  of  head  arranged 
as  shown  in  figures  4-6  of  Chabanaud’s  original 
description  of  Parastathmonotus  sinus-califor- 
nici  (1942,  p.  116).  Lateral  line  also  present 
on  body,  the  pores  somewhat  indistinct,  begin- 
ning rather  high  on  shoulder  and  curving  down 
to  the  median  longitudinal  axis  of  the  body  be- 
low the  area  between  second  and  fourth  dorsal 
spines;  eleven  or  twelve  pores  in  a horizontal 
series  behind  the  downward  curve  to  above  first 
anal  spine.  Head  and  body  completely  scaleless. 

Dorsal  and  anal  fins  long  and  low,  connected 
by  a membrane  with  outer  caudal  rays.  Dorsal 
of  spines  only,  38  on  the  holotype,  37  on  the 
paratype.  Anal  with  two  spines  anteriorly,  fol- 
lowed by  22  (20)  soft  unbranched  rays.  Dorsal 
origin  above  or  but  slightly  behind  posterior 
extent  of  opercular  flap,  its  distance  from  tip  of 
snout  4.2  (4.0)  in  standard  length.  Anal  origin 
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immediately  behind  anus,  below  fifteenth  dor- 
sal spine,  its  distance  from  tip  of  snout  2.0 
(1.9)  in  standard  length.  The  lengths  of  certain 
of  the  individual  rays  in  the  vertical  fins  are 
listed  in  the  tabulation  of  proportions.  Ventrals 
1,2  (the  spine  a short,  thin  splint),  short,  placed 
before  pectoral  base,  the  front  portion  of  their 
bases  partially  covered  by  fold  ot  gill  membranes 
over  isthmus.  Length  of  ventrals  3.8  (3.8)  in 
head,  17.7  (17.3)  in  standard  length.  Pectoral 
fins  short,  rounded,  middle  rays  longest,  their 
length  contained  11.8  (10.6)  times  in  standard 
length,  reaching  to  below  fourth  dorsal  spine. 
Bases  of  pectorals  vertical,  their  upper  ends  cov- 
ered by  opercular  flap;  pectoral  rays  10-10  on 
both  specimens.  Caudal  fin  short,  somewhat 
rounded,  the  middle  rays  slightly  the  longest, 
their  length  2.1  (1.9)  in  length  of  head;  caudal 
with  12  (11)  unbranched  but  articulated  rays. 
Total  number  of  vertebrae  43. 

Color  in  Alcohol.— The  color  has  doubtless 
been  largely  lost  from  the  types,  but  a portion 
of  the  color  pattern  still  remains.  Ground  color 
cream  or  light  buff.  A series  of  evenly  spaced, 
darker  spots  along  midline  of  body  on  male, 
none  on  female.  Spots  on  individual  rays  of  pec- 
toral and  caudal  fins  in  three  irregular  lines 
which  are  roughly  parallel  to  the  outer  margins 
of  these  fins.  Ventral  fins  each  with  two  cross- 
bands, the  first  just  distal  to  midpoint  of  fin 
length,  the  second  near  the  tips  of  the  fins. 
Female  with  several  dark  markings  radiating 
outward  around  margin  of  eye,  and  with  three 
or  four  dark  transverse  bands  on  either  side  of 
lower  surface  of  head  which  meet  on  the  ven- 
tral midline. 

Sexual  Dimorphism.— The  more  massive  and 
swollen  head  of  the  male,  which  is  so  charac- 
teristic of  Stathmonotus  sinus-californici,  is  also 
exhibited  by  the  holotype  of  the  new  species.  The 
crosshatches  on  the  side  and  lower  surface  of 
the  female  head  are  also  characteristic  of  both 
these  species.  The  maxillary  does  not  extend  as 
far  posteriorly  on  the  female  as  on  the  male. 

The  following  is  a tabulation  of  measurements 
made  on  the  types  of  Stathmonotus  lugubris  in 
thousandths  of  standard  length: 


Length  of  head 213;  221 

Greatest  depth  of  body 152;  163 

Tip  of  snout  to  origin  of  dorsal 239;  253 

Tip  of  snout  to  base  of  ventrals 174;  1 74 

Tip  of  snout  to  origin  of  anal 509;  518 

Width  of  body  at  anus 83;  84 

Tip  of  snout  to  anterior  nostril 23;  26 

Tip  of  snout  to  posterior  nostril 43;  41 

Tip  of  snout  to  cirrus 72;  71 

Diameter  of  eye 43;  50 

Length  of  snout 39;  39 


Least  width  of  bony  interorbital 28;  29 

Tip  of  snout  to  posterior 

end  of  maxillary 85;  74 

Length  of  cirrus 26;  29 

Length  of  pectoral  fins 85;  95 

Length  of  ventral  fins 57;  58 

Length  of  caudal  fin 102;  118 

Length  of: 

First  dorsal  spine 18;  20 

Tenth  dorsal  spine 36;  33 

Twentieth  dorsal  spine 5 1 ; 42 

Thirtieth  dorsal  spine 58;  54 

Last  dorsal  spine 46;  44 

First  anal  spine 39;  41 

Second  anal  spine 49;  49 

First  anal  ray 51;  57 

Tenth  anal  ray 54;  63 

Twentieth  anal  ray 58; 

Last  anal  ray 47;  44 


Comparison  with  Related  Forms.— The  most 
closely  related  species  is  Stathmonotus  sinus- 
californici  (Chabanaud)  from  the  Gulf  of  Cali- 
fornia, of  which  specimens  from  the  following 
localities  in  the  Gulf  have  been  examined: 

East  side  of  Isla  San  Pedro  Nolasco  (27°  58' 
North  Latitude,  1 11  ° 24'  West  Longitude) . 

West  side  of  Isla  Partida— Norte  (28°  53' 
North  Latitude,  113°  04'  20"  West  Longi- 
tude). 

Point  just  west  of  Red  Bluff  Point,  south 
shore  of  Isla  Tiburon  (28°  45'  25"  North 
Latitude,  112°  22'  West  Longitude). 

Northwest  shore  of  Bahia  San  Francisquito, 
Baja  California  (28°  26'  33"  North  Lati- 
tude, 112°  53'  45"  West  Longitude) . 

Along  eastern  face  of  point  forming  north 
end  of  Bahia  San  Francisquito,  Baja  Cali- 
fornia (28°  26'  47"  North  Latitude,  112° 
53'  30"  West  Longitude). 

Northeast  shore  of  Isla  Ildefonso  (26°  38' 
North  Latitude,  111°  26'  30"  West  Longi- 
tude) . 

North  side  of  Monument  Point,  Isla  Mejia 
(29°  32'  50"  North  Latitude,  113°  36'  05" 
West  Longitude). 

Southwest  end  of  Isla  San  Pedro  Martir  (28° 
20'  25"  North  Latitude,  112°  20'  30"  West 
Longitude) . 

North  shore  of  Moreno  Rocks,  Bahia  San 
Carlos,  Baja  California  (25°  12'  30"  North 
Latitude,  110°  55'  West  Longitude). 

Northwest  end  of  Isla  Monserrate  (25°  43' 
North  Latitude,  111°  02'  West  Longitude) . 

Rocks  off  the  southwest  corner  of  Isla  Partida 
de  Espiritu  Santo  (24°  30'  North  Latitude, 
1 10°  25'  West  Longitude) . This  locality  is 
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only  a few  miles  north  of  the  type  locality 
of  S.  sinus-californici. 

San  Carlos  Bay  and  the  region  about  Guay- 
mas,  Sonora,  Mexico. 

The  specimens  from  all  but  the  last  locality 
were  taken  on  the  1952  Sefton-Stanford  Ex- 
pedition to  the  Gulf  of  California  aboard  the 
research  ship  Orca  by  Daniel  Cohen,  Jon  Lind- 
bergh and  the  writer.  Specimens  from  several 
stations  around  the  last  locality  mentioned  were 
taken  by  Dr.  and  Mrs.  Giles  W.  Mead  and  Mr. 
and  Mrs.  Norman  Wilimovsky  in  1950.  All 
specimens  are  in  the  Natural  History  Museum 
of  Stanford  University. 

The  new  species  differs  from  sinus-californici 
in  possessing  a cirrus  or  pointed  flap  on  the  pos- 
terior edge  of  the  anterior  nostril,  fewer  vertical 
fin  rays  and  a less  elongate  body.  The  accom- 
panying table  presents  several  counts  and  pro- 
portions based  on  the  types  of  lugubris  and  a 
number  of  specimens  of  sinus-californici  from 
various  of  the  above  localities  in  the  Gulf  of 
California  (the  proportions  and  pectoral  counts 
are  based  on  25  specimens,  the  vertical  fin  ray 
counts  on  60). 


Table  1 


S. 

sinus-californici 

Head 

Depth 

Proportion  in  In  thousandths  of 

standard  length  standard  length 

Range  Mean  Range  Mean 

4. 9-5. 8 5.4  173-206  186.5 

7. 1-9.9  8.2  101-141  123 

S.  lugubris 

Head 

Depth 

4. 5-4.7 
6. 1-6.6 

4.6  213-221 

6.35  152-163 

217 

157.5 

S. 

sinus-californici 

Dorsal 

Anal 

Pectoral 

Range 

40-45 

11,22-11,26 

7-9 

Mean 

42.8 

11,24.25 

8.7 

S.  lugubris 

Dorsal 

Anal 

Pectoral 

37-38 

11,20-11,22 

10 

37.5 

11,21 

10 

General  Remarks.— There  are  several  errors 
in  Chabanaud’s  paper  (1942)  that  should  be 
pointed  out:  (1)  in  including  Stathmonotus 
tekla  Nichols  (1910,  p.  161;  1911,  p.  278,  pi. 
11,  fig.  2)  in  Parastathmonotus,  he  evidently 
missed  Longley’s  discussion  (in  Longley  & 
Hildebrand,  1941,  p.  265)  of  S.  tekla  as  a syn- 
onym of  Auchenistius  stahli  Evermann  & 
Marsh,  the  type  of  tekla  still  retaining  some 


scales;  (2)  Chabanaud’s  diagnosis  of  S.  hem- 
philli  Bean  is  erroneous  as  to  the  total  length 
of  Bean’s  types,  the  anal  count,  the  depth,  the 
head  length  and  the  diameter  of  the  eye.  The 
origin  of  these  errors  is  certainly  not  apparent, 
since  Chabanaud  indicates  by  a foot-note  that 
his  information  came  from  Bean  (1885,  p.  191) 
and  from  Jordan  & Evermann  (1898,  p.  2407). 
His  percentage  for  depth  fits  into  the  variation 
given  by  Longley  & Hildebrand  (which  was  ob- 
viously not  seen  by  him),  but  the  other  charac- 
ters do  not;  (3)  no  reference  was  made  to 
Seale’s  description  (1940,  p.  42)  of  Stathmon- 
otus culebrai. 

Stathmonotus  corallicola  Beebe  & Tee-Van 
(1928,  p.  249)  may  eventually  prove  to  be 
synonymous  with  S.  hemphilli  Bean.  Dr.  Herre 
(1942,  p.  19)  referred  to  it  as  “the  doubtful 
Stathmonotus  corallicola.” 

Stathmonotus  sinus-californici  exhibits  great 
variation  in  color  and  in  color  pattern.  The  ma- 
jority of  specimens  range  through  the  light 
browns,  tans  and  reddish-browns,  with  no  spots, 
small  spots  or  large  dark  spots  variously  spaced 
along  midaxis  of  body.  An  occasional  black 
specimen  is  found,  some  of  which  have  white 
longitudinal  lines  along  dorsal  and  anal  margins 
of  body,  but  most  of  which  have  these  lines 
broken  up  into  vertical  lines,  blotches  or  saddles 
which  are  entirely  separate  from  each  other. 
Still  other  specimens  are  occasionally  found 
that  are  pure  white  in  color.  The  females  have 
the  very  characteristic  dark  markings  on  the 
lower  surface  and  sides  of  the  head  as  de- 
scribed above  for  the  new  species. 
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Hematology  of  Normal  and  Melanomatous  Fishes: 
A Preliminary  Report1 2 

Michel  A.  Glucksman-  & Myron  Gordon 
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(Plate  I) 


EXTERNAL  hemorrhages  are  often  seen 
in  some  platyfish-swordtail  hybrids  suf- 
fering from  melanomas.  In  the  terminal 
stages  of  the  black  pigment  cell  disease,  the 
tumorous  fish  are  severely  cachectic.  It  was 
thought  that  these  externally  visible  conditions 
might  be  reflected  in  the  blood  of  the  tumorous 
animal  when  compared  with  that  of  a normal 
one.  The  present  paper  presents  the  results  of 
examination  of  the  blood  of  normal  platyfish 
Xiphophorus  ( Platypoecilus ) maculatus,  normal 
swordtails  Xiphophorus  heller i and  their  normal 
and  melanomatous  hybrids. 

Material  and  Methods 
Blood  from  the  following  groups  of  adult 
fishes  was  examined: 

1.  Pure,  laboratory-reared  platyfish,  descen- 
dants of  fish  taken  from  the  Rio  Coatzacoalcos 
in  Mexico. 

2.  Pure,  laboratory-bred  swordtails,  descen- 
dants of  fish  taken  from  the  same  river  system. 

3.  Hybrids  of  the  group  designated  h68.  Some 
of  these  fish  had  melanomas,  whereas  others 
were  normally  pigmented  (Berg  & Gordon, 
1953).  These  were  bred  from  a first  generation 
melanomatous  hybrid  female  and  a male  sword- 
tail. 

4.  Hybrids  of  the  strain  designated  287.  All 
members  of  this  group  were  melanomatous. 

1 From  the  Genetics  Laboratory  of  the  New  York 
Aquarium  at  the  American  Museum  of  Natural  History, 
New  York  24,  New  York.  The  animals  used  in  this 
study  were  obtained  from  work  being  done  under  a 
grant  to  the  New  York  Zoological  Society  from  the 
National  Cancer  Institute,  National  Institutes  of  Health 
of  the  U.  S.  Public  Health  Service  for  the  project: 
Genetic  and  correlated  studies  of  normal  and  atypical 
pigment  cell  growth. 

2 Present  address:  University  of  Buffalo,  School  of 
Medicine,  Buffalo,  N.  Y. 


They  were  the  first  generation  hybrids  between 
a normal,  spotted-belly  platyfish  and  an  albino 
swordtail. 

The  coagulation  time  of  the  blood  of  these 
animals  is  so  short  that  great  difficulty  was  at 
first  encountered  in  making  usable  smears.  This 
was  true  of  both  the  normal  and  the  melano- 
matous animals.  After  trying  several  methods  of 
drawing  the  blood,  the  following  was  finally 
decided  upon  as  providing  the  most  consistent 
and  useful  results.  The  fish  was  grasped  with  a 
wet  pad  in  such  a manner  as  to  leave  the  anterior 
portion  of  the  ventral  surface  exposed.  This  sur- 
face was  flushed  with  a solution  of  heparin  in 
0.6%  saline  containing  approximately  0.5  mg 
of  heparin  per  ml.  The  needle  was  applied  to 
the  fish  between  the  gill  covers,  through  the 
isthmus,  and  the  heart  was  punctured.  One  or 
more  drops  of  blood  were  obtained  in  this 
manner. 

Blood  smears  were  made  on  clean,  greaseless 
slides  in  the  usual  manner.  The  smears,  while 
still  moist,  were  fixed  by  being  held  about  1 cm 
over  the  surface  of  a commercial  40%  formal- 
dehyde solution  for  40  seconds,  or  by  immersing 
them  for  5 minutes  in  a saturated  aqueous  solu- 
tion of  mercuric  chloride.  It  was  found  that  fix- 
ing the  smears  while  still  wet  eliminated  much 
of  the  cellular  distortion  usually  obtained  in 
preparations  which  had  been  permitted  to  dry 
prior  to  fixation. 

The  blood  smears  which  had  been  fixed  over 
formaldehyde  were  held  at  least  24  hours  before 
staining.  Those  fixed  in  the  mercuric  chloride 
solution  were  rinsed  in  water  and  in  70%  alcohol 
and  were  stained  immediately. 

Staining  was  accomplished  either  by  the  buf- 
fered Giemsa  method  (Lillie,  1948)  or  by  a 
modification  of  the  May-Grunwald-Giemsa 
method  (Bessis,  1948).  The  Horecker  Lillie  buf- 
fers were  employed  (Lillie,  1948)  : pH  6.4  for 


151 


152 


Zoologica:  New  York  Zoological  Society 


[38:  12 


mercuric  chloride-fixed  material,  pH  5.7  for 
formaldehyde-fixed  preparations. 

Attempts  to  make  counts  of  the  total  number 
of  cells  in  a given  volume  of  blood  were  unsuc- 
cessful, since  the  blood  invariably  clotted  in  the 
pipettes  before  the  diluting  fluid  could  be  added. 

Differential  leucocyte  counts  were  made,  be- 
tween 300  and  500  white  blood  cells  being 
counted  on  each  smear. 

Description  of  the  Blood 

The  blood  of  all  the  fishes  used  in  this  study 
contained  lymphocytes,  monocytes,  eosinophilic 
granulocytes,  thrombocytes  and  a few  unclassi- 
fied cells. 

The  lymphocytes  are  small  round  cells  having 
an  average  diameter  of  7.1  microns  with  a range 
of  6.0  to  8.0.  The  nucleus  is  usually  round  and 
is  violet  in  color  when  stained  with  May-Grun- 
wald-Giemsa.  The  lymphocyte  nucleus  is  rather 
large  in  comparison  with  the  total  size  of  the 
cell,  having  an  average  diameter  of  3.9  microns 
with  a range  of  3.0  to  4.5.  The  cytoplasm  is 
clear  blue,  occasionally  vacuolated,  but  contain- 
ing granules  only  very  rarely.  Some  of  the  lym- 
phocytes appear  to  have  pseudopodial  processes 
of  varying  length. 

The  monocytes  of  these  fishes  are  the  largest 
of  the  formed  elements  of  the  blood,  having  an 
average  diameter  of  16.8  microns  and  ranging 
from  13.5  to  18.2.  They  are  more  or  less  round 
with  considerable  irregularity  in  contour.  Their 
nuclei  average  7.2  microns  ranging  from  6.8  to 
8.0  in  greatest  dimension.  The  cytoplasm  is  pale 
blue  in  color  when  stained  with  May-Grunwald- 
Giemsa,  and  it  contains  scattered  deep  blue 
granules  as  well  as  an  occasional  vacuole.  The 
nuclei  are  purple  in  color  and  are  frequently 
indented  or  horseshoe  shaped. 

The  granulocytes  are  almost  all  of  the  eosino- 
philic variety.  These  cells  average  10.1  microns 
ranging  from  8.7  to  11.8  in  diameter  and  are 
generally  round  in  shape.  Their  nuclei  average 
6.6  microns  ranging  from  5.9  to  7.8  in  greatest 
dimension  and  are  frequently  deeply  indented. 
No  truly  filamented  nuclei  are  seen  in  our  pre- 
parations. The  cytoplasm  is  blue  with  the  May- 
Grunwald-Giemsa  stain,  and  contains  numerous 
pink  to  red  granules.  These  are  not  concentrated 
in  any  particular  part  of  the  cell,  but  are  scat- 
tered throughout  the  cytoplasm. 

The  thrombocytes  are  round  or  somewhat 
spindle-shaped  elements  which  vary  consider- 
ably in  size,  but  which  are  all  smaller  than  the 
lymphocytes.  They  were  frequently  found 
massed  together  in  groups  of  three  to  ten  cells. 
With  the  May-Grunwald-Giemsa  stain,  the  cyto- 
plasm appeared  blue,  the  nucleus  being  a much 
deeper,  more  intense  blue. 


In  the  blood  of  one  h68,  normally  pigmented 
hybrid,  a large  number  of  cells  containing  long, 
rod-like,  strongly  basophilic  bodies  were  found. 
The  cells  appeared  to  be  essentially  identical 
with  normal  lymphocytes  or  perhaps  monocytes. 
The  inclusions  appear  very  much  similar  to 
microorganisms  found  in  the  lymphocytes  of 
Hippocampus  after  injection  of  the  bacteria  into 
the  abdominal  cavity  (Sabrazes  & Muratet, 
1901) . They  may  represent  Bartonella  bodies. 

A few  blood  cells  contain  numerous  deep 
blue  granules  of  small  size.  Whether  or  not  these 
are  true  basophilic  granulocytes  is  not  clear.  One 
cell  contains  large  eosinophilic  globules. 

The  erythrocytes  of  the  fishes  average  9.5 
microns  in  long  diameter  and  6.7  microns  in 
short  diameter.  Their  nuclei  were  also  ellipti- 
cal in  shape,  averaging  4.1  microns  in  long  di- 
ameter. With  the  May-Grunwald-Giemsa  stain, 
the  cytoplasm  of  most  of  the  erythrocytes  is 
orange  to  pink  in  color,  the  nucleus  deep  purple 
and  reticulated.  Some  of  the  erythrocytes  have 
a distinctly  basophilic  cytoplasm,  being  blue  or 
blue-gray  in  color.  This  matter  will  be  further 
discussed  below. 

Differential  counts  of  the  leucocytes  of  the 
various  animals  used  were  made.  Inasmuch  as 
the  thrombocytes  are  frequently  found  in 
clumps  containing  many  cells,  they  are  not  in- 
cluded in  the  results.  The  relative  frequency  of 
lymphocytes,  monocytes  and  eosinophilic  granu- 
locytes in  each  animal’s  blood  is  shown  in  Table 
1 . It  may  be  seen  that  there  is  no  statistically  re- 
liable difference  between  the  differential  leuco- 
cyte counts  of  the  various  groups  of  animals.  In 
addition,  there  is  no  correlation  between  the  sev- 
erity of  the  melanoma  in  a fish  and  its  differen- 
tial blood  cell  count. 

With  regard  to  the  basophilic  erythrocytes 
mentioned  above,  counts  were  made  to  deter- 
mine their  frequency  in  the  blood  of  normally 
and  abnormally  pigmented  fish  of  the  strain 
h68.  It  was  found  that  approximately  6%  of  the 
erythrocytes  in  the  blood  of  each  group  were 
basophilic. 

Discussion 

Our  observations  are  essentially  in  agreement 
with  descriptions  of  the  blood  cell  types  of  some 
other  teleost  fishes  which  have  been  made  by 
Drzewina  (1909,  1911),  Lanine  (1912), 

Sabrazes  & Muratet  (1901),  Kawamoto  (1930) 
and  Catton  (1951).  The  blood  of  fishes  suffer- 
ing from  infections  and  from  deficiency  diseases 
has  been  discussed  by  Katz  (1950)  and  by 
Wolf  (1951). 

No  differences  were  found  between  the  blood 
of  the  normal  and  melanomatous  fishes  despite 
the  fact  that  some  of  the  latter  were  moribund. 
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Table  1.  Differential  Blood  Cell  Counts  in 
Xiphophorin  Fishes.  Each  Count  in  Per  Cent 
Is  Based  on  at  Least  300  White  Blood  Cells 


Type  and 
Number 
of  Animal 

Lympho- 

cytes 

Mono- 

cytes 

Granulo 

cytes 

Platyfish 

1 

82 

15 

3 

2 

85 

13 

2 

3 

83 

13 

4 

4 

85 

12 

3 

5 

84 

11 

5 

6 

83 

13 

4 

Mean  83.7±0.7 

12.8±0.7 

3.5±0.4 

Swordtail 

1 

84 

11 

5 

2 

82 

14 

4 

3 

83 

12 

5 

4 

83 

14 

3 

Mean  83.0±0.3 

1 2.8  rt  1 .2 

4.3±0.2 

Normal 

Hybrids 

(h68) 

1 

84 

13 

3 

7 

87 

11 

2 

3 

85 

11 

4 

4 

86 

12 

2 

5 

82 

14 

4 

6 

88 

10 

2 

7 

89 

9 

2 

8 

88 

9 

3 

9 

83 

14 

3 

Mean  85.8±1.9 

11.4±1.3 

2.8:t0.1 

Melano- 

matous 

Hybrids 

(h68) 

22 

66 

29 

5 

24 

84 

11 

5 

25 

80 

14 

6 

27 

85 

12 

3 

28 

75 

20 

5 

30 

79 

17 

4 

31 

82 

13 

5 

33 

80 

16 

4 

35 

81 

14 

5 

36 

80 

12 

8 

37 

83 

13 

4 

38 

82 

11 

7 

Mean  79.8±6.8 

15.2±7.4 

5.1±0.5 

Melano- 

matous 

Hybrids 

(287) 

1 

85 

12 

3 

2 

82 

13 

5 

3 

81 

14 

5 

4 

84 

14 

2 

5 

83 

13 

4 

6 

80 

16 

4 

Mean  82.5±1.4 

13.7±0.8 

3.8±0.6 

The  melanomas  are  highly  vascular  and  are 
frequently  naked,  the  epithelium  having  de- 
generated and  sloughed  off.  Hemorrhagic  spots 
of  blood  are  occasionally  seen  on  the  surfaces 
of  the  melanotic  tumors,  according  to  Reed  & 
Gordon  (1931)  and  Gordon  & Lansing  (1943). 
Gordon  & Smith  (1938)  have  reported  that  the 
epidermal  cells  which  usually  cover  the  entire 
body  often  degenerate  around  the  melanomas. 
The  pad  used  for  holding  the  fish  was  frequently 
spotted  with  blood  in  the  area  which  had  been 
in  contact  with  the  tumor.  For  these  reasons  it 
was  thought  that  blood  differences  usually  asso- 
ciated with  hemorrhage  might  be  detected. 
They  were  not  found  by  the  method  we  used. 
Some  cytochemical  methods  were  tried  later  by 
Jakowska,  Nigrelli  & Gordon  (1951)  on  similar 
specimens  but  no  apparent  differences  were 
found. 

Summary 

1.  The  melanomas  in  fishes  are  highly  vascu- 
larized and  are  often  hemorrhagic.  It  was 
thought  these  conditions  would  be  reflected  in 
the  blood  of  diseased  fish  when  compared  with 
the  normal  ones. 

2.  The  blood  cells  of  Xiphophorus  ( Platy - 
poecilus)  maculatus  and  Xiphophorus  helleri 
and  of  their  normal  and  melanomatous  hybrids 
are  described. 

3.  Lymphocytes,  monocytes,  eosinophilic 
granulocytes,  thrombocytes  and  erythrocytes 
are  regularly  found  in  the  blood  of  all  the  groups 
studied. 

4.  Differential  leucocyte  counts  for  the  vari- 
ous groups  are  presented. 

5.  No  differences  between  the  normal  and 
melanomatous  hybrids  were  found  by  the  meth- 
ods used. 
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Fig.  1.  Lymphocyte. 
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Fig.  3.  Eosinophilic  granulocyte. 

Fig.  4.  Cell  containing  bodies  suggestive  of 
bacteria. 

Fig.  5.  Cell  containing  eosinophilic  globules. 

Fig.  6.  Cell  containing  basophilic  granulation. 
Fig.  7.  Thrombocyte. 

Fig.  8.  Erythrocyte. 
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A Contribution  to  the  Life  History 
of  the  Euchromid  Moth,  Aethria  carnicauda  Butler1 

William  Beebe 
Department  of  Tropical  Research, 

New  York  Zoological  Society 

(Plates  I & II) 


[This  paper  is  one  of  a series  emanating  from  the 
tropical  Field  Station  of  the  New  York  Zoological 
Society  at  Simla,  Arima  Valley,  Trinidad,  British 
West  Indies.  This  station  was  founded  in  1950  by 
the  Zoological  Society's  Department  of  Tropical 
Research,  under  the  direction  of  Dr.  William  Beebe. 
It  comprises  200  acres  in  the  middle  of  the  Northern 
Range,  which  includes  large  stretches  of  undisturbed 
government  forest  reserves.  The  laboratory  of  the 
station  is  intended  for  research  in  tropical  ecology 
and  in  animal  behavior.  The  altitude  of  the  research 
area  is  500  to  1,800  feet,  with  an  annual  rainfall 
of  more  than  100  inches. 

[For  further  ecological  details  of  meteorology 
and  biotic  zones  see  “Introduction  to  the  Ecology 
of  the  Arima  Valley,  Trinidad,  B.  W.  I.,”  William 
Beebe,  (Zoologica,  1952,  Vol.  37,  No.  13,  pp.  157- 
184).] 

ON  February  27.  1953,  at  Simla,  Arima 
Valley,  Trinidad,  a caterpillar,  No. 
5330,  was  collected.  It  measured  28 
mm  in  length  and  changed  during  the  next  24 
hours  into  a chrysalid.  Examination  revealed 
that  the  bare,  dead  twig  on  which  the  caterpillar 
had  pupated  was  encircled  by  nine  complete  and 
separate  whorls  of  hairs,  five  beneath  and  four 
above  the  cocoon.  We  had  no  idea  of  how  these 
whorls  were  made,  but  their  use  seemed  to  be  as 
a chevaux-de-frise  to  discourage  marauding  ants 
or  other  enemies  from  access  to  the  chrysalid 
area  of  the  twig.  On  March  12  a euchromid 
moth  emerged,  Aethria  carnicauda  Butler. 

The  earliest  reference  I can  find  to  any  similar 
larval  achievement  is  a small  illustration  dated 
April,  1871,  together  with  a short  note  dated 
December  1882,  by  Fritz  Muller  (Kosmos,  VI 

^Contribution  No.  936,  Department  of  Tropical  Re- 
search, New  York  Zoological  Society. 


Tahrg.,  1883,  Band  XII,  p.  449).  In  this  case 
the  euchromid  moth  was  Dinia  aeagrus 
(Cramer)  (=  Eunomia  eagrus),  a species 
widely  distributed  through  Mexico  and  Argen- 
tina, but  not  recorded  from  Trinidad.  There  is 
no  account  of  the  method  of  formation  of  the 
whorls. 

The  details  of  the  whorls  in  Muller’s  illustra- 
tion differ  in  a number  of  respects  from  those 
made  at  Simla  by  Aethria  carnicauda.  Muller’s 
whorls  are  much  closer  together,  barely  sepa- 
rately distinguishable.  The  two  ends  of  the  chry- 
salid are  protected  by  the  slanting  hairs  of  the 
adjacent  whorls.  That  nearest  to  the  caudal  end 
is  imperfect,  a full  half  of  the  total  number  of 
radial  hairs  being  linearly  distributed  along  the 
twig,  throughout  the  length  of  the  pupa.  There 
is  no  hint  of  the  hammocklike  cocoon,  com- 
posed of  the  shorter  body  hairs  in  our  specimens. 
Nor  is  there  any  indication  of  the  disposition  of 
the  brushlike  tufts  of  black  hairs.  The  recurved 
character  of  the  hair  tips  is  not  apparent. 

These  data  prepared  us  for  the  development 
and  for  the  defense  mechanism  of  another  larva 
of  the  same  species.  The  following  is  an  account 
of  the  ontogeny  and  the  making  of  the  whorls 
of  larva  number  two. 

This  caterpillar  was  collected  by  Kenedy  on 
a leaf  blade  of  the  Black-and-White  Trinidad 
Sedge,  Scleria  melaleuca  Schl.  & Cham.,  at  Sim- 
la, on  February  10,  1953.  No.  5322. 

Its  chronology  is  as  follows:  Collected  Feb- 
ruary 10,  length  9 mm.  The  dates  of  five  molts 
were  February  12,  16,  21,  27  and  March  4.  The 
night  of  March  9 and  10,  whorls  formed,  larval 
adult  length  27.5  mm.  March  11,  pupated. 
March  21,  moth  emerged. 
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When  collected,  the  caterpillar  was  small 
(9  mm)  and  long-haired.  It  was  divided  into 
thirds  by  its  color  pattern:  head  and  tail  black, 
mid-zone  grayish-green,  almost  invisible  against 
the  leaf  tissue.  The  hairs  were  very  long  at  head 
and  tail.  Superficially  the  larva  looked  like  two 
small,  adventitious  spots,  separated  by  a short 
extent  of  green  grassblade. 

The  method  of  eating  was  by  gnawing  longi- 
tudinal slits  through  the  blade,  utilizing  the  tis- 
sue between  the  two  thick  ribs.  The  night-time 
position  was  lengthwise,  beneath  the  leaf. 

It  molted  on  February  12,  the  mid-section 
still  being  green,  with  black  extremities.  From 
the  first  thoracic  segment  arose  a pair  of  stout, 
red  tubercles.  Between  these  was  a mid-dorsal, 
vertical,  brushlike  tuft  of  black  hairs.  This  char- 
acter was  repeated  at  the  hinder  end  of  the  body. 
The  head  was  large  and  pale  amber.  The  general 
effect  was  one  of  our  tussock  moths. 

The  body  was  covered  with  tufts  of  slender, 
fine,  whitish  hairs,  with  recurved  tips.  The  dor- 
sal body  rows  were  short  and  stellate.  The  lateral 
were  longer,  while  those  from  the  three  thoracic 
segments,  and  the  corresponding  posterior  ones, 
were  very  long.  The  anterior  elongate  hairs  were 
inclined  forward  and  extended  far  beyond  the 
head,  while  the  posterior  ones  were  directed 
backward. 

At  this  stage  the  larva  fed  by  lying  longitu- 
dinally along  one  of  the  two  main  ribs,  and, 
swinging  the  head  from  side  to  side,  chewing 
a section  from  the  outer  edge  to  the  mid-rib, 
and  then  shifting  back  for  another  slice.  The 
larva  slowly  backed  down  the  leaf,  but  other- 
wise made  no  shift. 

The  edges  and  surface  of  the  sedge  were 
densely  covered  with  very  hard,  sharp  spines, 
which  bothered  the  larva  not  at  all.  Every  now 
and  then  it  raised  the  tail  and  voided  a pellet  to 
some  distance,  all  without  cessation  of  feeding. 
Another  proof  of  excellent  digestive  powers  was 
the  eating  of  the  cast  skin,  spines  and  all. 

On  March  4 the  larva  molted  for  the  fifth 
time.  When  it  first  emerged  from  the  old  skin, 
it  appeared  as  a sodden  mass,  the  body  hairs 
flattened  and  stuck  together,  overlaid  longitu- 
dinally by  a solid  slick  of  what  would  be  the 
long,  black  head  tuft.  The  corresponding  caudal 
tuft  extended  out,  back  and  up  as  a matted  wisp. 
Soon  the  hairs  began  to  separate  and  now  en- 
sued irregular  flexings  of  the  whole  larva.  The 
tail  bent  far  up  and  forward,  and  the  head  reared 
back  until  the  two  extremities  met  and  rubbed 
against  each  other.  The  caudal  wisp  was  drawn 
across  the  head,  back  and  forth,  each  time  free- 
ing a few  more  hairs.  In  half  an  hour  all  the 
hairs  were  dry,  free  and  in  place. 

The  body,  in  this  instar,  was  slaty  black  with 


two  longitudinal,  pale  lemon  yellow  lines,  one 
latero-dorsal,  the  other  lateral.  Head  pale  buff. 
Third  anterior  segment  with  two,  swollen,  red 
and  yellow  tubercles  on  the  single  segment, 
joined  transversely  across  the  back  by  a narrow 
area.  From  each  of  the  tubercles  arose  ante- 
riorly-directed tufts  of  very  long,  slender  hairs. 
From  the  fourth  segment  sprang  the  median, 
black,  brushlike  tuft. 

Behind  the  tubercled  segment  were  two  seg- 
ments bearing  tufts  of  exceedingly  long  hairs. 
Counting  these  two,  there  were  seven  segments 
giving  rise  to  a lateral  row  of  short  pale  tufts, 
between  the  white  lateral  lines,  with  other  rows 
of  tufts  on  the  upper  and  lower  light  lines  them- 
selves. The  succeeding  two  segments  carried 
swollen,  reddish  tubercles,  with  long,  posteri- 
orly-directed hairs,  corresponding  to  the  similar 
anterior  character.  The  larva  now  ate  obliquely 
across  the  entire  leaf,  tough  veins,  spines  and 
all.  It  fed  during  the  day,  and  rested  at  night. 

The  caterpillar,  seen  in  profile  against  the 
light,  showed  distinctly  only  the  head  and  body, 
and  the  fore-and-aft  black,  upright  brushes  of 
hairs.  The  multitude  of  long  pale  hairs  appeared 
only  as  a faint,  silvery-gray  mist,  with  the  pale 
brown  curved  tips  slightly  more  distinct.  Under 
forty-power  magnification  the  long  hairs  of  the 
caterpillar  were  seen  to  be  not  simple,  but  cov- 
ered everywhere  with  a dense  growth  of  spinules 
or  minute,  stiff  hairlets.  These  were  directed  at 
an  acute  angle  up  the  length  of  the  hair.  They 
must  be  of  material  help  in  consolidating  the 
structural  strength  of  the  overlapping  bases  of 
the  whorls.  The  multitude  of  sharp  spinules  also 
offer  ample  points  of  attachment  and  entangle- 
ment for  the  viscid  drops  and  the  strands  of 
spirals  of  spun  silk. 

On  March  9 the  larva  was  eating  ravenously. 
It  chewed  obliquely  across  the  stem,  slowly  back- 
ing down  until  it  reached  the  botton.  Then  it 
shifted  to  an  adjoining  sedge  blade,  climbing  up 
to  the  top  and  working  back.  It  averaged  four 
pellets  every  half  hour.  The  fresh  pellet  was  pale 
green,  a broad  oval  in  shape,  with  flattened  ends. 
It  was  composed  of  compressed  bits  of  grass 
tissue,  some  of  which  contained  as  many  as  30 
to  40  plant  cells. 

In  the  afternoon  of  March  9 the  larva  de- 
voured one  and  a half  long  grass  blades,  stopping 
when  125  mm  above  the  base.  Here  it  took  up 
a position  lengthwise  beneath  the  stem  and  re- 
mained quiescent  for  the  rest  of  the  afternoon 
and  evening. 

At  8 P.M.  there  was  no  change.  At  9 o’clock 
we  found  two  completed  whorls  of  hairs  below 
the  larva,  and  the  little  creature  was  at  work. 
It  was  inverted  on  the  blade,  weaving  with  its 
head  and  neck,  back  and  forth,  a spiderlike 
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cross-webbing  of  silk  between  the  radiating 
hairs.  It  frequently  broke  the  strand  of  web  and 
began  anew. 

When  it  was  through,  it  turned  around  and 
climbed  up  the  stem  until  its  posterior  end  was 
about  10  mm  above  the  uppermost  whorl.  We 
soon  discovered  that  any  bright  or  white  light 
interfered  with  the  activities  of  the  caterpillar, 
so  fastened  a red  filter  to  a flashlight,  to  which 
the  larva  paid  no  attention.  (This  was  an  East- 
man “wratten”  Filter  A,  No.  25,  cutting  off 
practically  all  light  except  the  orange  and  red, 
i.e.,  everything  shorter  than  590  m^..  To  the 
extraordinary  complexity  of  its  routine  the  larva 
added  the  apparent  handicap  of  working  in  the 
dark. 

The  larva  now  climbed  40  mm  up  beyond 
the  lower  whorls  and  began  violent  contortions 
with  head  and  thoracic  segments,  all  of  which 
were  exceedingly  mobile.  It  rubbed  its  head  side- 
ways, back  and  forth  against  the  grass  blade, 
bending  down  the  long  hairs  which  studded  the 
surface.  The  result  was  to  rub  or  massage  the 
base  of  the  hairs.  It  would  push  and  push  and 
suddenly  there  came  a snap  or  jerk,  as  the  hairs 
freed  themselves  from  the  pressure.  Then  it 
would  curl  around  laterally  into  a tight  circle, 
hanging  on  only  with  the  2nd  and  3rd  pairs  of 
prolegs.  For  a considerable  time  this  twisting 
and  rubbing  continued,  while  now  and  then  a 
hair  was  taken  between  the  mandibles  and 
“mouthed”  before  being  dropped  again. 

Forty  mm  above  the  uppermost  lower  whorl 
a new  one  was  begun.  The  mouth  parts  were 
rubbed  back  and  forth  on  one  place  on  the  grass, 
and  with  a hand  lens  I could  see  the  spinneret 
in  full  operation.  The  silk  strand  was  strung  with 
viscid  drops  and  a foundation  of  sticky  silk  was 
deposited.  Suddenly  the  larva  reached  back  and 
the  mass  of  thoracic  hairs  was  bent  far  forward. 
It  seized  a hair,  gave  a strenuous  pull  and 
plucked  it  out,  holding  it  upright  in  the  man- 
dibles. Then  it  rubbed  the  base  into  the  sticky 
mass  and  bound  it  there.  Watching  the  removal 
of  the  next  few  hairs  I detected  a regular  method. 
The  hair  was  seized,  the  mandibles  slid  down  to 
the  base,  then  up  again  a short  distance,  then 
a moment’s  hesitation,  and  a powerful  jerk  dis- 
engaged the  root.  Thus  a short  extent  of  basal 
hair  projected  beyond  the  mandibles.  When  the 
hair  was  pushed  against  the  foundation  and 
glued  there,  the  extra  extent  of  hair  projected 
slightly.  No  hair  was  attached  by  the  extreme 
end.  They  slightly  overlapped  and  furnished 
support  for  the  rest  making  up  the  whorl.  Thus 
as  the  whorl  increased,  each  radial  hair  was 
partly  braced  by  the  short,  projecting  end  of 
the  others.  The  measuring  routine  was  a normal 
part  of  the  performance. 


The  first  few  hairs  were  wide  apart,  sometimes 
with  a 90°  divergence,  then  the  intervening 
spaces  were  filled  in.  After  the  planting  of  each 
hair,  it  was  tilted  up  and  down,  so  that  in  some 
way,  by  some  invisible  guide,  it  was  finally  ori- 
ented on  to  the  same  horizontal  level  with  its 
fellows.  In  addition,  the  curved  tips  of  the  hairs 
invariably  pointed  downward  in  the  proximal 
whorls,  and  upward  in  the  distal  series. 

After  the  planting  of  each  hair,  elaborate 
binding  with  web  took  place,  and  the  construc- 
tion of  two  to  six  guy  cables,  above,  on  the 
upper  side.  These  extended  from  the  whorl  to 
the  grass  blade,  in  length  once  or  twice  the  hair’s 
extent.  Thus  the  downpull  of  gravity  was  guard- 
ed against.  There  was  a decided  difference  in  the 
amount  of  viscid  drops  on  the  silk  at  different 
times.  It  was  present  in  copious  quantities  in 
building  the  foundation  and  in  affixing  the  hairs, 
but  was  almost  absent  in  the  laying  of  the  con- 
necting webs  between  spokes  and  in  the  guy 
strands.  The  uppermost  whorl  was  completed 
in  fifteen  minutes,  with  three  2-minute  rests. 

In  comparison  with  the  observed  finished 
whorls  of  larva  number  5330,  the  attachments 
of  the  present  whorls  were  arranged  around  a 
small  round  twig,  which  formed  a perfect  hub 
for  the  wheel.  In  the  present  instance,  the  base 
was  a wide-spread  M,  in  cross  section  of  the 
grass  blade.  So  only  about  three-fourths  of  a 
circle  was  possible,  the  remaining  gap  being 
closed  by  the  extension,  cross-wise,  of  the  extra 
hairs,  lying  close  to  the  wide  extent  of  the  upper 
and  lower  aspects  of  the  stem. 

In  the  seizure  and  manipulation  of  the  hairs 
the  mandibles  played  a prominent  role,  aided  by 
the  guiding  elements  of  the  maxillae  and  the 
anterior  pair  of  legs.  When  the  hair  was  in  place, 
the  mandibles  let  go  and  the  spinneret  went 
into  action. 

At  12:15  A.M.  whorl  number  five  was  finish- 
ed, the  last  hair  and  silken  cross-bar  and  the 
final  guy  rope  in  place.  The  larva  again  turned 
and  faced  up  the  blade.  Then  occurred  an  inter- 
polation, what  we  human  beings  would  call  an 
afterthought.  After  taking  a few  steps  upward, 
it  hesitated,  turned  around,  turned  back  to  the 
just  completed  whorl,  and  put  in  an  additional 
half  dozen  licks,  paying  out  an  inch  or  two  of 
silk,  and  then  without  hesitation  again  headed  up 
the  narrow  path.  This  action  might  have  been 
instigated  by  an  unused  residue  of  instinct,  some 
unfulfilled  or  unexpended  ganglion  urge.  In  any 
event,  it  was  done  before  our  eyes. 

"The  larva  now  took  up  a position  beneath 
and  facing  up  the  blade,  coming  to  rest  with  its 
posterior  hairs  just  touching  the  uppermost  of 
the  lowei  series  of  three  whorls,  and  a body 
length  from  the  single  upper  one.  It  rested  quiet- 
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ly  for  twenty  minutes.  At  1.30  A.M.  the  larva 
made  two  abortive  whorls  at  head  and  tail,  and 
then  rested. 

The  general  aspect  of  the  area  was  as  follows: 

3 lower  whorls,  1 1 mm  apart. 

10  mm  more  to  hinder  end  of  larva. 

20  mm  length  of  slightly  constricted  larva. 

4 mm  to  whorl  in  front  of  head. 

16  mm  to  final  upper  whorl. 

12  mm  to  tip  of  eaten  stem,  the  distal  95  mm  of 
blade  length  having  been  eaten  during  the  day. 
Total  length  of  grass  stem  involved,  72  mm. 

Including  the  two  whorls  at  head  and  tail,  the 
chronological  sequence  of  the  whorls  was:  lower 
1,  2,  4,  5,  (larva),  6,  3 upper.  Thus  the  larva 
fenced  itself  in  by  a judicious  sequence,  from 
outer  to  inner.  It  may  be  significant  that  three 
well-formed  whorls  protected  the  possible  ap- 
proach of  danger  up  the  stem  from  the  ground, 
while  the  unreachable,  broken  upper  tip  was 
guarded  by  a single  complete  whorl.  The  same 
principle  is  seen  in  the  rat-guard  of  metal  fast- 
ened midway  down  a cable  from  a vessel  to  the 
wharf. 

At  1.47  A.  M.  the  larva  began  a new  series 
of  contortions,  differing  in  indescribable  details 
from  the  pre-whorl  activities.  It  swung  first  to 
one,  then  the  other  side,  then  began  pulling  out 
the  short  body  hairs.  These  seemed  less  strongly 
fixed  than  the  long  ones,  and  by  degrees  the 
body  became  bare.  These  short  hairs  were  ar- 
ranged longitudinally  upon  an  already  spun,  thin 
sheet  of  web  encasing  the  grass  blade  and  about 
half  of  the  larva.  They  were  fastened  firmly  with 
more  of  pure  silk  and  fewer  of  the  sticky  drops. 
The  contortions  were  now  up  and  down,  fore- 
and-aft,  as  necessitated  by  the  boatlike  casing 
of  silk,  a half  cocoon,  enveloping  the  lower  half 
of  the  larval  body. 

The  head  and  thoracic  segments  showed  an 
even  greater  mobility  than  hitherto,  and  the 
mandibles  reached  up  and  “mouthed”  the  hairs 
of  the  dorso-median  brushlike  tuft.  The  spin- 
neret moved  around  them  near  the  base,  binding 
a few  at  a time  into  a dense,  close  sheaf.  Finally 
the  mandibles  were  pushed  into  the  crowded 
base,  and  a considerable  number  of  hairs  was 
pulled  out.  It  took  five  or  six  trips,  with  the 
mandibles  filled  with  sheaves  of  hairs,  for  the 
entire  brush  to  be  transplanted  from  the  dorsal 
part  of  the  segment  to  the  sheet  of  silk  lying  on 
the  cephalic  cap.  When  replanted  in  an  oblique 
position,  and  the  larval  head  reinserted  in  the 
head  cap  of  silk  and  short  hairs,  the  tuft  appear- 
ed as  if  springing  directly  up  from  the  surface 
of  the  great  rounded  epicranial  plates  which 
formed  the  dominant,  bulging  area  of  the  head 
proper. 

A still  more  difficult  feat  was  the  cutting  and 


conveying  of  the  posterior  brush,  but  in  time, 
in  what  was  darkness  to  the  larva,  and  in  the 
early  morning  hours,  the  feat  was  accomplished 
Most  of  the  posterior  tuft  was  fastened  along- 
side of  the  grass  blade  itself,  whence  it  curved 
up  and  extended  obliquely  outward. 

This  was  only  the  first  part  of  this  operation. 
After  the  planting  of  the  brush,  the  energetic 
caterpillar  began  on  the  remaining  long  hairs, 
those  left  after  the  completion  of  the  whorls. 
Twenty  to  thirty  of  these  hairs  were  now  plucked 
bodily  from  the  larva  and  bound  around  the 
brush,  extending  far  beyond  it  in  an  elongated 
wisp.  Then  a similar  operation  was  accomplished 
around  the  posterior  brush.  There  seemed  no 
end  to  the  patient  industry  and  the  driving  in- 
stinct of  the  small  caterpillar. 

The  result  was  a decided  similarity  in  the  fore- 
and-aft  appearance.  The  final  aspect  was  of  a 
short  bit  of  debris,  adhering  to  and  interiorly 
parallel  with  the  grass  blade,  with  an  irregular 
protuberance  projecting  at  each  end.  The  whole 
was  protected  by  the  almost  invisible  but  effi- 
cient whorls. 

At  3 A.M.  the  whole  complex  operation  seem- 
ed complete,  and  at  6 A.M.  the  larva  had  not 
moved.  I had  kept  continuous  watch,  and  when- 
ever a new  phase  became  apparent  I summoned 
my  associates  to  see  it,  to  examine  the  details  of 
action  with  a hand  lens,  to  verify  every  part  of 
this  amazing  performance. 

March  1 1 found  the  larva  still  suspended  from 
the  head  and  tail  caps,  with  the  thin  sheet  of 
silk  amidships.  At  10  A.M.  the  pupation  was 
almost  complete,  and  the  shed  skin  was  being 
shunted  into  the  tail  cap.  The  chrysalid  was 
brown,  set  off  by  the  clear,  pale  orange  of  the 
outlines  of  the  wings  and  abdominal  segments. 
For  some  time  the  chrysalid  remained  suspended 
by  head  and  tail  caps,  with  an  alarming  amount 
of  sagging  medially.  A quarter  of  an  hour  later, 
this  slack  had  been  taken  up  and  the  pupa  was 
stretched  tightly  along  the  under  side  of  the 
grass  stem. 

Ten  days  later,  on  March  21,  the  moth 
hatched,  a clear-winged,  black-bordered,  red- 
tailed euchromid.  It  emerged  from  an  anterior 
ventral  crevice  without  displacing  the  cephalic 
cup  and  tuft,  or  disturbing  any  of  the  whorls.  In 
ten  minutes  the  wings  appeared  full-sized  but 
thickened,  with  fluid  still  in  them.  The  moth 
hung  vertically,  wings  together,  like  many  but- 
terflies. Ten  more  minutes  and  the  wings  were 
slowly  flattened,  euchromidlike. 

We  have  only  two  instances  of  the  reactions 
of  wandering  insects  to  the  succession  of  whorls. 
The  first  was  another  individual  caterpillar  of 
the  same  species,  which  found  its  way  to  a new 
blade  supporting  a chrysalid  and  series  of  whorls. 
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It  began  feeding  at  the  tip  of  the  stem,  intent  on 
its  adventitious  feeding  and  quite  oblivious  of 
the  defences,  but  when  it  encountered  the  first 
whorl,  it  dangled  half  of  its  body  in  mid-air, 
continuing  to  feed.  Then  twisting  the  posterior 
end  of  the  body  and  the  last  pair  of  prolegs,  it 
climbed  backward  around  the  whorl.  In  an  en- 
counter with  another  whorl  it  devoured  several 
of  the  long  hairs  which  obstructed  its  path.  It 
finally  made  its  way  to  the  base  and  then  walked 
away  from  the  stem,  leaving  the  chrysalid  and 
most  of  the  whorls  undisturbed. 

One  day,  with  difficulty,  I persuaded  several 
ants  to  climb  about  the  grass  blade  below  the 
lowermost  whorl.  All  but  one  approached,  an- 


tennaed  the  base  of  the  whorl,  turned  and  made 
their  way  to  the  base,  and  vanished.  The  effect 
was  as  if  the  whorls  were  defended  by  an  un- 
pleasant odor  rather  than  by  mechanical  difficul- 
ties. 

The  remaining  ant  investigated  more  thor- 
oughly. It  climbed  out  a short  distance  along 
the  radii,  making  two  separate  attempts,  and 
then  gave  up.  It  was  certainly  not  an  out  and 
out  attempt  to  overcome  the  barrier,  but  even 
so,  it  failed  to  pass  or  reach  the  periphery  of 
the  whorl. 

On  following  days,  we  watched  the  making 
of  other  whorls,  and  took  still  and  motion  pic- 
tures of  the  whole  process. 
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EXPLANATION  OF  THE  PLATES 
Plate  I 

Fig.  1.  Full-grown  caterpillar  of  the  euchromid 
moth,  Aethria  carnicauda  Butler.  No. 
5330.  X 2.4. 

Fig.  2.  Chrysalid  of  same  caterpillar  protected  by 
whorls  of  hairs.  Note  disposition  of  tufts. 
X 2. 

Plate  II 

Fig.  3.  Adult  female  moth  emerged  from  chrys- 
alid in  Fig.  2.  X 2. 

Fig.  4.  First  published  illustration  of  hair  whorls 
of  a closely  related  species,  Dinia  aeagrus 
(Cramer). 

Figs.  1,  2 and  3.  Photographs  by  Rosemary  Kenedy. 

Fig.  4.  After  Fritz  Muller. 
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Puppe  von  Eunomia  Earjrus 
(April  1871).  Nat.  Gr. 
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Construction  and  Operation  of  Butterfly  Insectaries  in  the  Tropics1 


Jocelyn  Crane  & Henry  Fleming 
Department  of  Tropical  Research, 
New  York  Zoological  Society, 

New  York  60,  N.  Y. 

(Plates  I-V;  Text-figures  1 & 2) 


[This  paper  is  one  of  a series  emanating  from  the 
tropical  Field  Station  of  the  New  York  Zoological 
Society  at  Simla,  Arima  Valley,  Trinidad,  British 
West  Indies.  This  station  was  founded  in  1950  by 
the  Zoological  Society’s  Department  of  Tropical 
Research,  under  the  direction  of  Dr.  William  Beebe. 
It  comprises  200  acres  in  the  middle  of  the  Northern 
Range,  which  includes  large  stretches  of  undisturbed 
government  forest  reserves.  The  laboratory  of  the 
station  is  intended  for  research  in  tropical  ecology 
and  in  animal  behavior.  The  altitude  of  the  research 
area  is  500  to  1,800  feet,  with  an  annual  rainfall 
of  more  than  100  inches. 

[For  further  ecological  details  of  meteorology 
and  biotic  zones  see  “Introduction  to  the  Ecology 
of  the  Arima  Valley,  Trinidad,  B.  W.  I.,”  William 
Beebe,  (Zoologica,  1952,  Vol.  37,  No.  13,  pp.  157- 
184). 

[A  two  weeks’  field  trip  in  Surinam,  mentioned 
in  the  present  contribution,  was  undertaken  in  April. 
1953,  had  headquarters  at  the  Moengo  mine  of  the 
Surinaamsche  Bauxite  Maatschappij  and  was  made 
possible  through  a grant  from  the  Explorers’  Club 
and  through  the  cooperation  of  the  Aluminum  Cor- 
poration of  America.] 
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I.  Introduction 

THE  insectaries  described  in  the  following 
pages  were  designed  primarily  for  peren- 
nial studies  on  the  behavior  of  tropical 
butterflies.  Their  design  and  operation  naturally 
differ  in  many  respects  from  those  of  structures 
erected  in  northern  climates  and  intended  for 
breeding,  rearing,  temporary  public  exhibition 
or  brief  experiments.  As  studies  similar  to  ours 
have  apparently  not  previously  been  made,  it 
seems  desirable  to  present  in  some  detail  the 
designs  and  methods  which  we  have  used  suc- 
cessfully in  Trinidad  and  Surinam  for  the  past 
three  years. 

In  the  literature  it  appears  that  only  the  studies 
of  Ilse  (1928  ff.)  in  Germany  and  Tinbergen 
and  his  associates  (1943)  in  the  Netherlands 
resemble  our  own,  both  in  method  and  purpose. 
These  workers  performed  painstaking  and  il- 
luminating experiments  on  the  roles  of  color, 
form  and  odor  in  the  behavior  of  butterflies,  in 
the  field  as  well  as  in  captivity.  Ilse  first  used 
part  of  a greenhouse;  later  both  she  and  the  Tin- 
bergen group  erected  flat-topped  cages  out-of- 
doors,  which  gave  ample  flying  space;  only  light 
construction  was  necessary  because  of  the  short- 
term character  of  the  experiments.  Tinbergen’s 
cage  of  cloth  netting  measured  5X2X2  meters 
and  is  figured  (1943,  p.  189)  ; construction  data 
on  Use’s  later  open-air  cages  have  apparently 
not  been  published. 

Peterson  (1944)  discusses  and  figures  various 
types  of  spacious,  sturdily-built  field  insectaries, 
suitable  for  rearing  or  experimental  work  on 
various  orders  of  insects.  However,  they  are 
designed  for  the  keeping  of  small  cages  under 
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more  or  less  natural  meteorological  conditions; 
as  will  be  shown  below,  their  roofs,  floors  and 
partly  solid  walls  do  not  adapt  them  to  free- 
flying  tropical  butterflies. 

A number  of  authors  have  described  the  suc- 
cessful maintenance  of  stocks  of  various  species. 
David  & Gardiner  (1952)  report  a method  of 
rearing  Pier  is  brassicae  Linnaeus  and  Apanteles 
glomeratus  Linnaeus  through  successive  genera- 
tions indoors,  even  during  English  winters.  These 
workers  emphasize  two  essentials  which  hold 
true  under  the  very  different  conditions  of  our 
own  studies,  namely  the  necessity  for  abundant 
light  on  all  sides  of  the  cage  and  for  adequate 
real  or  simulated  sunlight.  The  cages  measured 
40  X 30  X 36  inches.  Because  the  authors’  sole 
purpose  was  conveniently  to  maintain  a con- 
stant supply  of  imagos  for  testing  insecticides, 
they  needed  only  space  enough  to  induce  these 
particular  species  to  feed  from  artificial  flowers, 
mate  and  oviposit. 

Similar  success  has  occasionally  been  reported 
by  various  authors  who  describe  a variety  of 
butterfly  breeding  methods  for  a number  of  re- 
stricted scientific  or  commercial  purposes.  Help- 
ful suggestions  for  the  keeping  of  adults  alive 
will  be  found  especially  in  Gerould  (1911), 
Olivier  (1926),  Reinhard  (1929),  Blunck 
(1935),  Norris  (1935),  Swingle  (1935),  Macy 
(1936)  and  Newman  ( 1953) . Through  all  these 
references  it  is  apparent  that  space  and  environ- 
ment needs,  even  in  order  only  to  induce  copu- 
lation and  oviposition,  vary  with  the  species. 
Many  do  well  in  small  boxes  with  only  one  or 
two  sides  covered  with  netting;  others  have  not 
yet  been  induced  to  breed  in  captivity. 

As  we  are  studying  normal  behavior  patterns, 
our  aim  in  Trinidad  has  been  to  approximate 
natural  conditions  closely  enough  so  that  the 
butterflies  will  not  merely  feed,  mate  and  ovi- 
posit but  so  that  their  flight  patterns,  courting 
and  other  social  activities  take  as  normal  a 
course  as  possible.  Everyone  who  has  observed 
living  butterflies  knows  how  fragmentary  are 
the  patterns  that  may  be  observed  out  in  the 
open.  Food  preferences  are  rather  easily  learned, 
but  the  scarcity  of  descriptions  in  the  literature 
of  butterfly  courtships,  to  give  one  example, 
shows  the  difficulty  of  this  kind  of  work.  On  the 
other  hand,  when  butterflies  are  merely  bred, 
through  keeping  them  under  conditions  just  ad- 
equate to  induce  copulation,  the  courting  pat- 
terns are  so  curtailed  and  distorted  that  no 
proper  study  can  be  made  of  them.  Our  com- 
promise with  space  between  small  breeding 
cages  and  natural  environments,  has  given  us 
to  date  more  or  less  satisfactory  results  in  about 
thirty-five  species.  With  some  of  these  we  have 
been  successful,  our  progress  in  studies  of  their 


behavior  being  limited  only  by  the  time  we  are 
able  to  devote  to  the  work.  In  several  species, 
generations  follow  one  another  with  little  care 
from  us,  the  insects  appearing  excellently 
adapted  to  the  life  of  captivity;  as  an  example 
one  individual  Heliconius  erato  hydara  Hewit- 
son,  of  the  F2  generation,  lived  more  than  three 
months  in  the  adult  stage.  At  the  other  extreme 
are  a number  of  species,  notably  the  ithomiines, 
which  so  far  have  survived  only  several  days  in 
the  insectaries. 

The  present  paper  is  a preliminary  report  on 
general  methodology  which  will  be  followed  by 
publications  on  experimental  techniques  and  the 
behavior  of  various  species.  It  represents  a three- 
fold division  of  labor  on  the  part  of  the  Depart- 
ment of  Tropical  Research.  Dr.  William  Beebe 
should  properly  be  one  of  the  co-authors;  it  was 
he  who  made  plans  for  building  tropical  insec- 
taries for  behavior  studies  years  before  the  es- 
tablishment of  the  Simla  field  station  made  then- 
actual  construction  possible;  in  fact,  one  reason 
for  the  selection  of  the  locality  was  its  suitability 
for  such  studies.  Since  then  Dr.  Beebe  has  di- 
rected and  been  vitally  concerned  in  every  phase 
of  the  work.  Of  the  present  authors,  Fleming  has 
been  responsible  for  the  design  and  construction 
of  the  insectaries,  while  Crane  has  been  con- 
cerned with  the  establishment  of  optimum  eco- 
logical conditions  inside  the  structures  and  with 
methods  of  maintaining  the  populations. 

Our  deep  appreciation  goes  to  Mr.  Samuel 
Ordway,  Jr.,  and  Mr.  C.  R.  Vose  for  the  gene- 
rous contributions  which  made  possible  the  con- 
struction of  the  insectaries. 

II.  Construction 

Peterson  (1944,  Pt.  1,  pp.  1-3)  has  empha- 
sized the  continuing  need  of  detailed  accounts 
both  of  apparatus  construction  and  of  methods. 
Accordingly,  in  this  section  is  given  a somewhat 
full  account  of  the  building  of  the  insectaries, 
even  though  the  details  may  appear  elementary 
to  some  and  to  others  rather  foreign  to  biology. 
The  presentation  has  seemed  desirable  since 
many  biologists  are  not  trained  in  construction 
techniques  and,  particularly  in  the  tropics,  are 
often  confronted  with  unfamiliar  practical  dif- 
ficulties along  with  inadequate  time,  funds  and 
trained  labor. 

As  described  in  the  introduction,  the  object 
of  our  insectaries  has  been  to  enclose  tropical 
butterflies  under  conditions  as  nearly  natural  as 
possible.  Probably  the  greatest  single  factor  in 
attaining  this  end  is  the  provision  of  sufficient 
flying  space. 

We  do  not  consider  that  a cage  smaller  than 
12'  X 15'  is  serviceable.  We  had  an  insectary 
of  this  size  constructed  for  a short  two-week 
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stay  in  Surinam  (PI.  Ill,  Fig.  5).  The  cage  had 
the  advantages  that  it  was  small  enough  to  be 
easily  moved  from  place  to  place,  and  it  re- 
quired in  comparison  to  large  cages  relatively 
little  construction  material  and  few  work  hours, 
thus  minimizing  the  expense  and  time  necessary 
to  construct  it.  Nevertheless  it  had  two  draw- 
backs: while  the  insects  acclimated  themselves, 
the  crowding  was  unnatural  and  overstimulated 
them,  and  the  working  area  for  the  biologist 
was  very  limited. 

On  the  other  hand,  the  large  insectary  (24'  X 
33')  at  Simla  in  Trinidad  was  more  expensive 
to  construct,  required  a considerably  greater 
expenditure  of  time  and  would  be  quite  difficult 
to  move  (PI.  I;  PI.  II,  Fig.  3).  Its  size,  however, 
permits  excellent  duplication  of  natural  condi- 
tions and  due  to  the  flight  habits  of  some  species 
we  are  interested  in,  is  the  only  satisfactory  size. 
This  cage  may  be  the  maximum  size  advisable. 
Forgetting  all  other  considerations,  it  is  most 
difficult  for  the  biologist  to  move  the  length  of 
the  insectary  to  keep  his  subject  under  observa- 
tion when  the  butterfly  has  such  a large  area 
at  its  disposal.  To  put  it  another  way,  if  the  in- 
sectary were  larger,  it  would  probably  be  no 
more  difficult  to  observe  the  insect  in  the  field. 
Such  an  enlarged  cage  would  have  only  the  ad- 
vantage of  confining  the  insect  so  that  it  would 
be  obtainable  if  desired  as  a specimen.  Even  this 
would  be  of  dubious  value,  since  it  is  surprisingly 
difficult  to  locate  any  motionless  insect  even  in 
our  24'  X 33'  structure. 

Our  small  insectary  (12'  X 18')  at  Simla  was 
intended  as  a trial  model  (PI.  II,  Fig.  4).  It 
proved  to  be  so  successful  that  the  larger  one 
was  built  the  following  year.  Our  initial  thought 
that  the  larger  would  supercede  the  smaller  cage 
has  turned  out  to  be  wrong,  as  the  two  comple- 
ment each  other.  For  instance,  the  small  in- 
sectary is  of  great  value  when  we  wish  to  isolate 
for  special  study  one  or  more  butterflies.  It  has 
also  been  useful  as  an  insect  photographic 
laboratory.  Furthermore,  certain  groups  of  but- 
terflies and  problems  are  more  conveniently 
handled  in  the  smaller  area.  Finally,  all  the  in- 
sects may  be  transferred  into  one  or  the  other 
in  an  emergency,  such  as  an  army  ant  infesta- 
tion. 

The  foundations  for  both  of  the  Trinidad  in- 
sectaries were  constructed  by  first  digging  a 
shallow  trench  to  a maximum  depth  of  one 
foot.  Since  at  this  depth  we  had  reached  bed 
rock,  albeit  a somewhat  decayed  and  porous 
limestone,  we  had  a firm  base  upon  which  to 
pour  a concrete  footing  eight  inches  in  depth 
and  twelve  inches  wide.  We  raised  the  founda- 
tion upon  this  to  a suitable  height  with  hollow 
clay  tiles.  The  foundation  was  kept  to  two  or 


three  inches  above  ground  level  where  possible, 
any  raised  foundation  being  made  only  to  pro- 
vide a level  bed  upon  which  to  rest  the  structure. 
If  the  insectary  is  to  be  permanent,  a founda- 
tion of  this  nature  is  important  not  only  to 
prevent  settling  with  the  consequent  sagging 
of  the  frame  but  also  to  raise  the  wooden  sill 
above  the  continual  dampness  of  the  ground. 
In  addition,  insects  such  as  termites  are  less  apt 
to  discover  the  wood  if  it  is  raised  above  the 
ground,  and,  if  they  do,  are  much  easier  to  dis- 
cover and  eradicate.  The  use  of  hollow  clay  tile 
is  of  course  optional.  We  used  it  in  Trinidad 
because  it  was  available  and  saved  us  time  and 
labor.  Forms  could  be  built  and  the  whole  foun- 
dation made  of  poured  concrete  or  the  founda- 
tion could  be  constructed  of  field  stone.  Time, 
labor,  materials  available  and  ingenuity  are  the 
limiting  factors. 

The  remainder  of  the  work  is  in  the  field  of 
carpentry.  If  a carpenter  is  at  hand,  he  can 
build  the  insectary  from  the  plans  we  illustrate 
(Text-figs.  1,  2 & Tables  1,  2)  or  adapt  them  to 
fit  different  conditions.  Frequently  in  the  tropics, 
at  least  away  from  metropolitan  centers,  the 
carpenter  is  more  of  a handyman  than  a car- 
penter and  is  unable  to  read  and  write,  let  alone 
read  plans.  On  the  other  hand  he  may  be  very 
skillful  with  the  saw  and  hammer  if  he  is  told 
where  to  use  them.  With  this  in  mind  the  follow- 
ing details  may  be  of  assistance. 

The  floor  plate  which  is  also  doing  duty  as 
a sill  may  be  joined  at  the  corners  or  at  the 
ends  and  sides  where  the  lumber  is  not  long 
enough  to  cover  the  required  distance  with  a 
half-lap  mortise.  At  the  corner,  for  instance, 
cutting  each  of  the  floor  plates  halfway  through 
on  opposite  sides  and  removing  the  surplus  wood 
from  the  cut  to  the  end,  lapping  them  together 
and  securing  them  with  two  ten-penny  nails 
is  sufficient.  Along  the  sides  or  ends  six  to  twelve 
inches  of  wood  had  best  be  removed.  The  floor 
plate  may  be  fastened  to  the  foundation  with 
bolts  set  in  the  concrete  of  the  foundation  and 
passing  through  the  plate  if  desired.  We  did  not 
find  this  procedure  necessary. 

For  the  large  insectary,  because  of  the  weight 
of  the  4 X 4s  we  used  as  floor  plates,  we  set  the 
floor  plates  in  place  on  the  foundation  and  as- 
sembled the  remainder  of  the  sides  and  ends 
of  the  insectary  separately.  In  other  words,  we 
squared  a line  across  the  roof  plate  every  three 
feet  and  nailed  the  studs  to  the  roof  plate  at 
these  points.  Care  must  be  taken  that  the  middle 
line  of  each  stud  falls  three  feet  from  the  middle 
line  of  the  neighboring  stud,  otherwise  screen- 
ing of  three-foot  width  will  not  fit.  However,  if 
the  screening  is  of  different  dimension  than 
three  feet,  then  the  studding  must  be  the  cor- 
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SCALE  IN  FEET 


Text-fig.  1.  Large  Insectary. 
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Text-fig.  2.  Small  Insectary. 
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Table  1. 

Materials 

List  for 

Large  Insectary 

No.  of 

Dimensions  of 

pieces 

lumber 

Member 

2 

4" 

X 4" 

X 16' 

2 

4" 

X 4" 

X 18' 

side  floor  plates 

2 

4" 

X 4" 

X 16' 

1 

4" 

X 4" 

X 18' 

end  floor  plates 

42 

2" 

X 3" 

X 6' 

studs 

2 

2” 

X 3" 

X 16' 

2 

2" 

X 3" 

X 18' 

side  roof  plates 

2 

2” 

X 3" 

X 16' 

1 

2” 

X 3" 

X 18' 

end  roof  plates 

24 

2" 

X 3" 

X 14' 

rafters 

2 

2" 

X 3" 

X 16' 

tie  beams 

1 

2" 

X 3" 

X 18' 

4 

2" 

X 3" 

X 14' 

stud  braces 

1 

1" 

X 4" 

X 16' 

1 

1" 

X 4" 

X 18' 

ridgepole 

1 

1" 

X 4" 

X 9' 

door 

1 

1" 

X 4" 

X 12' 

4 

2" 

X 3" 

X 14' 

rafter  braces 

560  linear  feet  of  bronze  screening 
8 lbs.  eight-penny  common  nails 
4 lbs.  ten-penny  common  nails 
1 lb.  five-eighths-inch  copper  tacks 
1 pair  of  hinges 
1 door  latch 

Amount  of  masonry  materials  varies  with  site 


responding  dimension  on  center.  We  would  not 
advise  screening  of  a greater  width  than  thirty- 
six  inches  as  the  screening  would  have  a ten- 
dency to  sag— unless,  for  instance,  with  screening 
forty-eight  inches  wide  one  is  willing  to  place  the 
studs  two  feet  on  center.  After  the  studs  for  the 
sides  and  ends  of  the  insectary  have  been  nailed 
to  their  respective  roof  plates,  these  units  may 
be  carried  to  the  floor  plate  already  in  position 
on  the  foundation  and  secured  to  it.  Temporary 
braces  should  be  used  to  hold  the  studs,  partic- 
ularly at  the  corners,  perpendicular  to  the  floor 
plate.  The  studs  on  the  corners  should  be  dou- 
bled. In  other  words  if  2 X 3s  are  being  used, 
two  studs  should  be  nailed  together  so  that  the 
corner  studs  measure  4"  X 3". 

Two  struts  should  now  be  set  in  place,  holding 
the  long  sides  together.  These  struts  are  not 
shown  in  the  plans  (Text-figs.  1,  2),  as  the 
rafters  hide  them.  They  should  be  placed  across 
the  plates  nine  feet  from  each  end  in  the  large 
cage  and  six  feet  from  the  ends  in  the  small 
cage,  though  in  the  latter  they  are  not  alto- 
gether necessary.  They  are  used  to  keep  the  sides 
of  the  structure  from  spreading  and  in  the  large 
insectary  are  supported  by  two  posts  set  in  the 
ground.  The  permanent  braces  for  the  studs  may 


now  be  put  in  place  and  the  temporary  braces 
removed. 

A gable  roof  rather  than  a flat  roof  is  recom- 
mended. Our  experience  with  a flat  roof  has 
been  that  rainwater  tends  to  settle  in  sags  in 
tiie  screening  and  come  pouring  through  into 
the  cage  as  if  from  a faucet.  The  slope  of  a 
gable  roof  distributes  the  rain  evenly  within  the 
enclosure. 

In  the  event  that  the  carpenter  is  not  famil- 
iar with  the  use  of  a steel  square,  the  easiest 
way  to  determine  the  angle  to  saw  the  rafters 
where  they  join  the  ridgepole  and  roof  plates 
is  as  follows:  Find  the  mid-point  of  one  end  of 
the  floor  plates  and  mark  it.  Place  one  end  of 
the  lumber  to  be  used  as  a rafter  at  this  point 
and  the  other  end  along  the  floor  plate  making 
up  one  side  of  the  insectary,  at  a point  which 
will  give  the  desired  pitch.  A line  drawn  across 
the  rafter  at  right  angles  to  the  floor  plate  at 
the  end  of  the  insectary,  and  a line  drawn  across 
the  rafter  along  the  outside  of  the  floor  plate 
of  the  side  of  the  insectary,  give  the  correct 
lines  to  be  followed  in  sawing.  Allowance  must 
be  made  for  the  thickness  of  the  ridgepole.  In 
our  case  the  ridgepole  was  one  inch  thick  so 
the  line  at  the  end  of  the  insectary  was  made 
a half-inch  away  from  the  actual  mid-point  line. 

When  one  rafter  is  sawed,  it  should  be  used 
as  a pattern  for  the  rest  of  the  rafters  and  they 
may  be  all  similarly  sawed.  One  must  be  careful 
to  use  the  same  rafter,  as  otherwise,  some  rafters 
will  be  longer  than  desired.  Two  pairs  of  rafters 
should  have  nails  started  in  the  ends.  Each  rafter 
may  then  be  lightly  nailed  to  the  roof  plate,  one 
pair  of  rafters  at  the  front  end  of  the  insectary 
and  the  other  at  a convenient  distance  towards 
the  back  to  balance  the  ridgepole.  The  ridgepole 


Table  2.  Materials  List  for  Small  Insectary 


No.  of 

Dimensions  of 

pieces 

lumber 

Member 

2 

2"  X 4"  X 18' 

side  floor  plates 

2 

2"  X 4"  X 12' 

end  floor  plates 

24 

2"  X 2"  X 6' 

studs 

2 

2"  X 2"  X 18' 

side  roof  plates 

2 

2"  X 2"  X 12' 

end  roof  plates 

2 

1"  X 4"  X 18' 

rafters 

7 

2"  X 2"  X 14' 

door  and  ridge- 

pole 

5 

2"  X 2"  X 6' 

braces  and 

ridgepole  stud 

211  linear  feet  of  bronze  screening 
6 lbs.  of  eight-penny  common  nails 
%-lb.  five-eighths-inch  copper  tacks 
i pair  of  hinges 
1 door  latch 

Amount  of  masonry  materials  varies  with  site 
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may  then  be  introduced  and  all  firmly  nailed. 
The  remaining  rafters  should  be  nailed,  with 
care  being  taken  to  space  them  accurately. 

After  the  end  braces  are  set  in  place,  the 
screening  may  be  tacked  on.  If  it  is  desired  to 
make  a neater  and  somewhat  stronger  job,  fur- 
ring strips  may  be  placed  over  the  screen  seams. 
However,  if  the  region  is  damp,  furring  strips 
would  cause  rotting  of  the  studs  and  rafters  be- 
cause of  the  water  that  would  settle  underneath. 
There  is  also  the  danger  of  undesirable  organ- 
isms establishing  themselves  in  the  crevices. 

Fine-mesh  bronze  screening  was  used  to  close 
the  insectary.  While  bronze  was  more  expensive 
than  galvanized  screening,  the  advantages  of 
having  a netting  that  did  not  rust  more  than 
compensated  us  for  the  higher  initial  cost. 
Screens  made  of  other  materials  such  as  alu- 
minum and  plastic  are  available,  but  we  so  far 
have  had  no  experience  with  them.  Since  we 
wished  to  avoid  the  initial  glare  of  bronze  screen- 
ing, we  purchased  a type  with  “antique  finish.” 
This  was  very  unfortunate  as  the  finish  used  to 
dull  the  bronze  was  fatal  to  the  butterflies,  and 
four  to  six  weeks  of  weathering  proved  neces- 
sary to  remove  the  injurious  agent.  On  the  other 
hand,  no  difficulty  whatsoever  was  experienced 
with  the  ordinary  bronze  screening  used  in 
Surinam. 

Both  the  large  and  small  insectaries  were  con- 
structed at  minimum  cost  compatible  with  rea- 
sonable durability.  The  roof  plate  in  each  of  the 
cages  could  be  doubled  and  additional  braces 
introduced  in  the  studding  and  rafters  if  desired. 
As  a matter  of  fact,  if  the  large  insectary  were 
to  be  built  in  an  area  of  snowfall,  additional 
bracing  and  stouter  rafters  would  be  absolutely 
requisite.  However,  as  we  have  constructed 
these  cages,  we  expect  them,  with  only  occa- 
sional attention,  to  give  at  least  ten  years  of 
service.  In  our  own  case  we  consider  the  resist- 
ance of  the  wood  members  to  various  types  of 
tropical  decay  to  be  our  greatest  limiting  factor. 
We  use  no  wood  preservatives,  although  they 
are  usually  considered  imperative  in  the  tropics, 
because  of  the  obvious  danger  of  poisoning  our 
selected  insects.  In  slightly  more  than  three  years 
it  has  been  necessary  to  replace  only  one  rafter 
in  the  small  insectary.  This  rafter  had  previously 
been  split  by  a falling  branch,  which  allowed 
fungi  to  enter  the  wood. 

Various  vines  which  have  been  used  to  con- 
trol humidity  and  shade  have  had  to  be  pruned 
periodically  to  prevent  dampness  and  subsequent 
rotting  of  studs  and  rafters. 

Continual  vigilance  is  necessary  to  prevent 
termite  damage.  If  colonies  of  termites  are  not 
allowed  to  establish  themselves,  the  difficulty  of 
eradicating  them  and  consequent  damage  to 


the  structure  is  negligible.  Usually  it  is  only  nec- 
essary to  destroy  the  tunnels  about  the  founda- 
tion and  remove  any  termite  nests  in  the  imme- 
diate vicinity  of  the  insectaries.  On  one  occa- 
sion we  had  a bad  infestation  in  a rafter  of  the 
small  insectary  and  employed  a commercial 
product  of  DDT  in  water.  It  was  necessary  to 
remove  the  butterflies  for  one  week.  At  Simla 
this  period  was  considered  sufficient  time  for 
the  DDT  to  have  dissipated  itself  because  of 
the  heavy  rains.  Usually  the  best  method  is  to 
replace  the  damaged  members  of  the  structure. 
Though  the  DDT  proved  effective  on  the  occa- 
sion we  used  it,  we  do  not  recommend  its  use 
because  of  its  residual  nature.  If  it  is  inconve- 
nient to  replace  any  of  the  structure,  it  is  better 
to  drill  the  necessary  number  of  small  holes  in 
the  infested  wood  and  squirt  in  light  machine  oil 
with  an  oil  can.  Care  must  be  taken  to  insert 
the  oil  neatly  and  not  leave  the  outside  of  the 
wood  impregnated  with  oil.  Some  woods  are 
in  varying  degrees  resistant  to  decay  and  insect 
damage.  Where  these  are  obtainable,  they  are 
to  be  recommended  providing  their  odor  or  other 
characteristics  will  not  interfere  with  the  insects 
selected  for  study.  Since  the  insectaries  are  floor- 
less, any  termite  nests  that  establish  themselves 
among  the  logs,  stumps  or  in  the  ground  of  the 
insectary  are  easily  removed.  Choice  plants  can 
always  be  transplanted  if  their  removal  is  neces- 
sary to  get  at  the  nest.  We  have  experienced  no 
difficulty  with  termites  establishing  themselves 
in  the  ground,  probably  because  the  16  X 18 
mesh  screening  prevents  gravid  females  from 
entering  the  insectary. 

The  fine  mesh  screening  probably  hinders  or 
prevents  predators  from  entering.  Any  observer 
is  most  appreciative  of  its  efficacy  in  keeping 
mosquitoes  and  various  biting  flies  out. 

Many  scientists  would  find  it  helpful  to  have 
as  a reference  book  one  of  the  many  “Do  It 
Yourself”  handyman  books  that  are  on  the  mar- 
ket. Any  book  giving  instruction  in  constructing 
small  houses  or  garages  will  give  useful  detail. 

It  will  probably  be  found  necessary  to  have 
water  available.  At  Trinidad  during  the  dry  sea- 
son daily  watering  of  both  screening  and  plants 
was  a necessity. 

If  photographic  work  is  anticipated,  electrical 
outlets  should  be  installed  in  the  insectaries. 
These  should  all  be  waterproof. 

A baffle  would  be  an  improvement  to  the 
insectaries.  This  is  particularly  true  of  the  small 
insectaries  where  great  care  is  often  needed  to 
enter  and  leave  without  permitting  the  escape  of 
one  of  the  specimens. 

A small  pool  or  stream  might  be  a valuable 
addition  within  the  insectary.  It  would  be  a 
“must”  if  one  were  studying  Odonata,  for  in- 
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stance,  and  might  be  a valuable  temperature 
and  humidity  regulator  for  some  insects  found 
in  the  vicinity  of  water. 

III.  Shelter  and  Planting 

We  soon  found  that  an  open  air  cage  of  ad- 
equate dimensions  and  proper  construction  was 
only  the  beginning  of  the  requirements  for  a 
successful  insectary.  The  additional  essentials 
were  the  following:  shelter  from  excessive  wind 
and  sun  which  must  not  interfere  with  ample 
sun  and  alternating  patches  of  light  and  shade; 
relative  humidity  at  all  times  above  55%  (main- 
tained by  afternoon  hosing) ; growing  plants  in 
a variety  of  size,  kind  and  density;  plenty  of  con- 
spicuous perching  places,  such  as  dry  branches 
with  small  twigs;  and  an  ample  supply  of  fresh 
food.  We  did  not  find  any  necessity  or  desira- 
bility for  cloth  mosquito  netting  in  place  of  wire 
in  order  to  avoid  damaged  wings.  Those  species 
which  were  not  adaptable  to  cage  life,  continuing 
to  bat  wildly  against  the  screen,  were  not  suit- 
able for  our  work,  and  the  saving  of  perfect 
specimens  was  not  one  of  our  objects.  In  any 
case,  cloth  would  rot  too  quickly  in  the  tropics 
to  be  practical. 

In  newly  built  or  temporary  cages,  simple 
makeshifts  served  as  combination  sunshades, 
windbreakers,  storm  shelters  and  approxima- 
tions of  natural  greenery.  Freshly  cut  bamboo 
poles,  fastened  against  one  or  more  of  the  walls 
a few  inches  apart  proved  excellent;  we  have 
kept  them  permanently  against  the  north  and 
west  walls  of  the  large  insectary.  Here,  in  addi- 
tion to  affording  protection  against  the  weather, 
they  also  discourage  the  flapping  of  new  inmates 
against  the  lightest  sides  of  the  netting.  Split 
bamboo  poles  are  also  lai-d  across  the  struts  of 
the  two  shady  sections  of  this  house  (see  below) , 
slat  fashion;  they  reduce  the  light  effectively  and 
serve  as  an  arbor  for  flowering  vines.  Heliconia 
and  banana  leaves  as  well  as  some  kinds  of  palm 
fronds  are  useful  temporarily,  but  must  be  often 
renewed;  they  may  be  held  in  place  by  furring 
across  the  walls  and  on  the  roof  (PI.  III).  How- 
ever, to  preserve  the  character  of  the  out-of- 
doors  they  should  be  as  restricted  as  possible. 
Although  either  strong  winds  or  blazing  sun  may 
be  quickly  fatal  to  butterflies,  a cage  divided 
sharply  into  glare  and  deep  shade  does  not  en- 
courage normal  behavior  in  most  species. 

The  smaller  house  was  finally  protected  as 
follows  from  sun  and  wind.  The  east  end  stands 
close  to  a five-foot  embankment;  from  this  rises 
a mahogany  tree  which,  arching  high  over  the 
cage,  gives  ideal  partial  shade  during  the  morn- 
ing. Afternoon  sun  and  wind  are  checked  by 
heavy  vines  planted  outside  the  west  end  and 
allowed  to  cover  about  a fifth  of  the  roof.  Open 


sky  shows  through  the  middle  section  of  the 
roof  and  the  green  of  the  garden  and  surround- 
ing valley  is  seen  through  the  long  side  walls. 

An  ideal  arrangement  has  been  attained  in  the 
larger  house  (PI.  IV).  This  insectary  is  divided, 
by  degree  of  illumination,  into  three  sections 
from  north  to  south,  rather  than  east  to  west,  so 
that  at  all  times  of  the  day  there  are  two  shady 
sections  with  an  open  one  between.  The  end 
portions  are  permanently  shaded  by  the  bamboo 
slats  at  eave  level  described  above,  as  well  as 
by  vines  growing  both  outside  and  inside  the 
cage;  the  middle  section,  together  with  the 
“lofts”  above  the  ends,  form  a brilliantly  lighted 
open  space  for  sun-lovers  and  high-fliers;  it 
also  is  particularly  useful  for  photography. 

Because  both  houses  are  partially  wind-pro- 
tected by  the  surrounding  mountains,  as  well 
as  by  nearby  trees  and  laboratory  buildings,  far 
less  trouble  is  given  by  the  spring  tradewinds 
than  would  be  the  case  in  the  open  flat  land, 
such  as  we  found  in  our  temporary  station  in 
Surinam.  Here  wind  was  our  greatest  problem, 
and  one  and  a third  walls  of  the  house  had  to 
be  solidly  covered.  By  using  white  canvas  for 
the  windiest  corner,  rather  than  leaves,  adequate 
protection  was  finally  attained  without  unduly 
reducing  the  light.  Also,  the  butterflies  did  not 
avoid  the  canvas  and  in  fact  roosted  near  it  at 
night  (PI.  V,  Fig.  9) . 

The  selection  and  arrangement  of  growing 
plants  in  the  insectaries  proved  to  be  of  primary 
importance.  They  were  needed  for  shelter  from 
sun,  wind  and  rain,  as  remarked  above;  it  was 
also  desirable  to  have  natural  food— both  flowers 
and  caterpillar  food-plants— growing  to  simplify 
feeding  and  oviposition  problems.  Another  fac- 
tor, however,  is  involved  which  is  still  not  under- 
stood: large  patches  of  bare,  sunbaked  ground 
have  proved  deadly  to  our  butterflies,  presumably 
because  of  certain  infrared  reflections  (Querci  & 
Romei,  1946) ; perhaps,  too,  there  are  additional 
factors,  such  as  color,  in  the  living  plants  that 
favorably  affect  butterflies,  either  through  their 
sense  organs  or  physiologically.  At  present  we 
know  only  that  until  most  of  the  bare  earth  in 
an  insectary  is  covered  at  least  with  moderately 
fresh  leaves  or,  ideally,  with  a normal  variety 
of  growing  herbs  and  shrubs,  the  butterflies  die. 
In  temporary  emergencies  (as  in  Surinam) 
patches  of  sod  work  promptly  and  well. 

If  possible,  the  houses  should  be  fully  prepared 
before  any  insects  are  introduced.  As  in  regular 
gardens,  adequate  drainage  should  be  arranged 
and  the  soil  appropriately  prepared,  depending 
on  its  natural  character  and  on  the  requirements 
of  the  plants  to  be  grown.  In  our  Trinidad 
location  drainage  is  automatic  as  the  substratum 
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is  porous  limestone;  because  topsoil  is  practically 
absent  in  this  site,  however,  a thin  layer  of  well- 
rotted  manure  was  found  suitable  for  various 
desirable  local  weeds.  Special  holes  were  then 
dug  and  filled  with  topsoil  and  manure  for 
selected  plants,  both  wild  and  cultivated.  Since 
these  beginnings,  chemical  fertilizers,  leaf  mold 
and  additional  well-rotted  manure  are  used 
when  indicated.  Potted  plants  are  always  use- 
ful both  as  temporary  greenery  in  new  cages 
and  later  when  special  larval  food  plants  are 
needed  for  oviposition. 

In  the  Trinidad  insectaries  the  blue-and-white 
flowering  vine  Thunbergia  was  planted  for  rap- 
idly growing  shade,  both  inside  and  outside  the 
cages,  thanks  to  the  suggestion  of  Dr.  F.  J. 
Simmonds.  It  thrives  so  luxuriantly  that  our  only 
care  is  to  keep  it  under  control.  Another  easily 
grown  though  slower  vine  is  the  orange-flowered 
Senecio  sp.,  which  serves  both  as  shade  and  as 
butterfly  food.  Several  species  of  passion  vine 
(Pasiflora) , the  food  of  Heliconius  larvae,  also 
do  well.  Lantana  bushes  ( Lantana  camara  Lin- 
naeus) , a butterfly  favorite  for  food  and  perches, 
grow  well  in  the  sunniest  parts  of  the  cage,  but 
even  here  do  not  flower  profusely  under  the 
screening.  Spanish  needles  ( Bidens  pilosa  Lin- 
naeus) and  the  tropical  milkweed  ( Asclepias 
curassavica  Linnaeus)  both  thrive  and  serve  as 
food  for  many  butterflies.  In  addition,  Asclepias 
is  the  larval  food  plant  of  the  tropical  monarch 
( Danaus  plexippus  megalippe  (Huebner) ) . Fur- 
ther specific  suggestions  for  planting  are  unnec- 
essary, as  tropical  conditions  are  so  variable. 

From  the  first  an  easy  and  useful  type  of 
“planting”  is  simply  the  tying  of  orchids  and 
bromeliads  in  numbers  on  the  crotches  of  freely 
forking  branches.  These  are  leaned  at  intervals 
against  the  walls  inside  the  cage  and  at  once 
give  the  beginnings  of  a normal-looking  environ- 
ment, even  though  few  of  the  plants  are  attrac- 
tive to  butterflies  when  in  bloom.  Their  main 
function,  aside  from  the  prompt  furnishing  of 
greens  and  perching  places,  is  in  helping  to 
maintain  the  necessary  high  humidity.  During 
the  hosing  down  of  the  insectaries  on  hot  after- 
noons, it  is  simple  to  fill  the  small  reservoirs 
formed  by  the  bases  of  the  leaves.  Many  of  these 
epiphytes  take  root,  thrive  and  seed  themselves; 
at  the  least  they  stay  green  and  hold  for  weeks 
their  reservoirs  of  water. 

In  the  rainy  parts  of  the  tropics,  where  plant 
growth  is  lush  and  where  the  butterfly  investi- 
gator’s primary  gardening  object  is  to  encourage 
the  “weeds,”  gardening  in  an  insectary  is  largely 
a pleasure.  When  pests  do  occur,  however,  their 
eradication  is  particularly  difficult,  as  insecti- 
cides are  dangerous  also  to  the  butterflies.  In 


these  cases  it  is  necessary  either  to  take  out  the 
affected  plants,  such  as  aphid-infested  milkweed, 
or  to  remove  the  butterflies  for  a period.  The 
latter  procedure  was  advisable,  for  example, 
when  termites  appeared  in  the  rafters  of  the 
small  insectary  (p.  167).  At  these  times,  the 
advantages  of  maintaining  two  cages  are  ob- 
vious. 

IV.  Stocking 

Butterflies  are  netted  in  the  usual  fashion, 
extra  care  being  taken  not  to  injure  them  during 
either  capture  or  removal  from  the  net.  Glas- 
sine  envelopes,  piled  loosely  in  boxes,  are  used 
to  bring  the  insects  alive  from  the  field.  A few 
individual  Heliconius  and  Papilio  have  been  kept 
up  to  24  hours  in  envelopes  without  apparent  ill 
effects,  although  it  is  best  to  release  the  insects 
as  soon  as  possible.  It  is  important  that  the  en- 
velopes never  be  exposed  either  to  direct  sun- 
light or  to  unduly  high  temperatures.  For  ex- 
ample, they  should  not  be  carried  in  a part  of 
the  knapsack  that  touches  the  body,  left  in  a 
closed  parked  car,  or  placed  in  the  car’s  glove 
compartment.  Before  their  release  into  the  in- 
sectary, the  butterflies  may  be  individually 
marked  for  future  recognition.  We  use  fast- 
drying Floquil  enamel  (available  at  art  stores) 
in  a variety  of  bright  colors,  applied  in  dots  on 
the  under  wing  surfaces.  It  is  advisable  to  work 
quickly,  to  hold  the  insect  by  the  wing  bases 
rather  than  by  the  thorax,  and  to  paint  near  the 
centers  of  the  wings.  When  marks  are  placed 
near  their  tips  these  apical  mmbranes  soon  fray 
away. 

After  handling  with  the  care  described  above, 
many  butterflies  fly  off  a few  seconds  after  being 
released  in  the  insectaries.  Others  remain  im- 
mobile in  a kind  of  shock  for  hours,  but  sub- 
sequently recover  fully  and  live  many  weeks. 
Relatively  few  individuals  die  without  regaining 
their  power  of  flight. 

V.  Feeding 

The  plants  blooming  at  any  one  time  in  the 
insectaries  are  usually  insufficient  to  feed  the 
thriving  populations,  although  the  flowers  serve 
well  as  supplementary  and  emergency  rations. 
As  a staple  food,  the  cut  blossoms  of  wild  Lan- 
tana camara  Linnaeus,  a favorite  with  many 
butterflies,  are  used.  The  flowers  are  gathered 
early  every  morning  with  fairly  short  stems; 
they  are  then  arranged  in  jars  of  water  on  a 
bench.  Other  blossoms,  especially  garden  Ixora 
which  is  popular  with  pierids  and  Papilio,  are 
also  used  as  available.  Fresh  flowers  should  al- 
ways be  supplied  in  abundance,  as  captive  but- 
terflies feed  more  freely  than  in  the  field,  and 
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the  stimuli  from  a plentiful  food  supply  seem 
to  be  an  important  factor  in  keeping  them  ac- 
tively flying  about. 

Some  genera  in  captivity  live  mostly  or  alto- 
gether on  fruit,  for  example  Euptychia,  Biblis, 
Prepona,  Morpho  and  Caligo.  For  these,  ripe 
bananas,  mangoes  and  cashews  are  especially 
attractive.  Fermentation  should  be  avoided;  not 
only  do  the  butterflies  show  the  usual  temporary 
effects,  making  behavior  studies  impossible,  but 
the  insects  apparently  may  be  eventually  poison- 
ed and  die. 

Artificial  flowers,  similar  to  those  used  by  Ilse 
(1928)  and  David  & Gardiner  (1952) , are  used 
successfully  in  experimental  work.  However, 
the  abundance  and  higher  efficacy  of  natural 
food  make  its  use  in  the  tropics  preferable  for 
daily  maintenance. 

As  shown  by  Ilse  (ibid.)  and  Tinbergen,  etc. 
(1943),  different  species  of  butterflies  differ  in 
the  stimuli  required  to  release  and  direct  their 
feeding  responses.  These  responses  to  color, 
form  and  odor  in  tropical  butterflies  will  be 
discussed  in  later  papers.  Here  it  is  pertinent  to 
remark  only  that  when  food  preferences  of  a 
species  are  unknown  and  a butterfly  will  not  feed 
unaided,  forced  feeding  should  be  used  only  as 
a last  resort.  It  is  best  first  to  coax  it  by  bringing 
close  to  it  a wide  variety  of  natural  foods,  as 
additional  handling  may  kill  a butterfly  already 
in  poor  condition.  A drop  of  honey  solution 
pipetted  on  a corolla  and  brought  against  the 
coiled  proboscis  often  induces  feeding  in  a 
shocked  specimen.  Another  helpful  method  is 
to  take  advantage  of  the  well  known  reflex 
whereby,  in  some  families,  the  proboscis  uncoils 
when  the  forefeet  are  placed  in  honey  or  sugar 
solution  (e.g.  Roeder,  1953).  Finally,  if  all 
other  methods  fail,  the  proboscis  should  be  un- 
coiled with  a needle  and  as  gently  as  possible 
placed  in  the  honey.  The  wings  may  be  held 
during  this  operation  by  a spring  clothespin, 
as  suggested  by  Norris  (1935).  We  cannot  too 
strongly  emphasize,  however,  the  importance  of 
avoiding  all  possible  handling  of  butterflies  in- 
tended for  work  on  behavior;  although  such 
manipulated  specimens  may  be  kept  alive  for 
days,  they  are  useless  for  the  desired  purposes. 
Fortunately,  these  emergency  feeding  measures 
are  rarely  necessary.  Most  butterflies  belonging 
to  species  which  live  well  in  captivity  start  to 
feed  without  aid  within  minutes  or  hours,  and 
will  usually  become  so  “tame”  that  they  will 
soon  climb  on  flowers  or  fruits  held  close  to 
them,  or  even  on  an  adjacent  finger,  and  may 
then  be  carried  at  will  about  the  cage. 

When  the  butterflies  are  inactive  during  dark 
and  rainy  spells,  feeding  and  flight  activities  may 


be  stimulated  by  a row  of  strong  electric  light 
bulbs,  sheltered  by  vines  and  placed  close  above 
the  jars  of  food  flowers. 

VI.  Predators 

Although  predators  of  various  kinds  cause 
trouble  in  the  insectaries,  only  orb-weaving  spi- 
ders and  ponerine  ants  are  serious  offenders. 
The  spiders  especially  thrive,  as  they  are  freed 
from  their  own  avian  predators.  The  only  way 
they  can  be  controlled,  since  insecticides  cannot 
be  used  (p.  167),  is  by  daily  vigilance,  particu- 
larly early  in  the  morning  when  the  webs,  out- 
lined in  dew,  can  easily  be  seen.  The  large  poner- 
ine ants  attack  resting  or  weak  butterflies,  chiefly 
on  the  screens,  but  sometimes  lie  in  wait  on  the 
food  bouquets.  Fortunately,  they  are  merely  an 
occasional  menace.  A constant  annoyance  are 
the  small  scavenger  ants  that  promptly  carry  off 
freshly  dead  butterflies,  leaving  only  scattered 
wings;  because  of  them  specimens  wanted  for 
the  collections  must  be  carefully  watched  and 
removed  at  the  first  sign  of  weakness. 

Although  other  predators  occur  occasionally, 
including  mantids,  carnivorous  grasshoppers  and 
several  species  of  lizards,  all  of  these  are  easily 
removed.  Columns  of  army  ants  have  passed 
through  our  insectaries  twice,  but  have  not  yet 
attacked  the  butterflies.  Birds  never  try  to  seize 
them  through  the  fine-mesh  screens,  although 
very  rarely  hummingbirds  attempt  to  reach  the 
flowers. 

VII.  Population  Regulation 

The  maximum  number  of  butterflies  we  have 
kept  alive  simultaneously  in  an  insectary  was  36, 
consisting  entirely  of  Heliconius  spp.  This  oc- 
curred in  our  small  12'  x 15'  temporary  cage  in 
Surinam,  where  this  total  was  kept  for  three 
days  at  the  conclusion  of  our  stay,  after  which 
the  butterflies  were  killed  while  still  in  good 
health.  However,  experimental  work  could  not 
be  properly  done  under  these  conditions,  as 
crowded  butterflies  tend  to  stimulate  each  other 
to  excessive  activity.  In  the  permanent  installa- 
tions in  Trinidad  the  small  insectary  held  com- 
fortably up  to  20  butterflies  for  long  periods; 
for  experimental  work  we  limit  them  to  ten.  The 
large  insectary  supports  correspondingly  more, 
although  its  maximum  capacity  has  not  yet  been 
tested. 

As  most  of  the  experimental  work  is  done  on 
the  gregarious  heliconids,  probably  the  numbers 
quoted  above  are  larger  than  would  be  desirable 
in  working  with  strictly  solitary  forms.  Never- 
theless, there  is  a definite  advantage  in  keeping 
a moderately  large  number  of  butterflies,  even 
of  various  unrelated  species.  Apparently  the 


1953] 


Crane  & Fleming:  Butterfly  Insectaries  in  the  Tropics 


171 


sight  and  perhaps  the  odor  of  their  flying  fellows 
tend  to  stimulate  them  mutually  to  normal 
flight  and  feeding. 

One  important  aspect  of  this  subject  concerns 
the  “seasoning”  of  an  insectary  by  the  mere  pres- 
ence of  other  butterflies.  This  is  especially  true 
of  gregarious  forms  such  as  Heliconius.  In  this 
genus  individuals  which  are  already  established 
actually  seem  to  act  as  decoys  for  the  newcom- 
ers, since  the  latter  stop  their  initial  batting 
against  the  screen  and  begin  to  feed  much  sooner 
than  when  placed  in  an  empty  cage.  However, 
even  empty  cages  which  have  recently  held  mem- 
bers of  the  same  or  related  species  have  a notice- 
ably calming  effect  on  new  arrivals,  in  compari- 
son with  cages  which  have  long  been  vacant. 
Their  customary  selection  of  identical  twigs  for 
perching  or  roosting  strongly  suggests  the  lin- 
gering of  odors  from  previous  inhabitants. 

VIII.  Summary 

Three  outdoor  insectaries  are  described  which 
have  been  successfully  used  in  Trinidad  and 
Surinam  in  the  study  of  butterfly  behavior.  They 
measure  12'  x 15',  12'  x 18'  and  24'  x 33',  have 
gabled  roofs  and  range  in  height  from  9'  to  10'6" 
at  the  ridgepole.  They  are  constructed  entirely 
of  fine-mesh  bronze  wire  screening  attached  to 
wooden  frames  and  set,  except  for  low  concrete 
foundations,  directly  on  the  ground.  The  soil 
within  and  about  the  foundations  is  prepared 
for  the  cultivation  of  the  variety  of  herbs,  shrubs 
and  vines  which  have  proved  essential  to  estab- 
lish and  maintain  an  active  butterfly  population. 
These  growing  plants  are  the  best  means  of  con- 
trolling the  sunlight,  shade,  temperature  and 
humidity;  they  also  provide  the  necessary  pro- 
tection against  the  wind  and  rain.  As  temporary 
or  supplementary  measures,  fresh-cut  leaves, 
branches,  bamboo  slats  and  canvas  sheets  may 
be  used.  Bare  ground  in  sunny  parts  of  an  insec- 
tary is  fatal  to  butterflies.  Specimens  intended 
for  the  insectaries  should  be  handled  as  little 
as  possible  after  netting,  stored  in  glassine  enve- 
lopes until  their  release  and  kept  away  from 
both  the  sunlight  and  excessive  heat.  Most  spe- 
cies which  adapt  themselves  well  to  confine- 
ment feed  freely  when  provided  with  ample 
natural  food,  whether  flowers  or  fruit.  Control 
measures  against  predators  and  pests,  such  as 
spiders,  ants  and  termites,  are  discussed.  It  is 
recommended  that  populations  which  are  sub- 
jects of  behavior  studies  be  restricted  to  about 
ten  active  individuals. 
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Plate  I 

Fig.  1.  Construction  of  large  insectary,  24'  X 33', 
Simla,  Arima  Valley,  Trinidad. 

Fig.  2.  Same. 

Plate  II 

Fig.  3.  Same,  completed. 

Fig.  4.  Small  insectary,  12'  X 18',  Simla,  Arima 
Valley,  Trinidad. 

Plate  III 

Fig.  5.  Temporary  insectary,  12'  X 15',  Moengo, 
Surinam.  Note  windbreak  of  Heliconia 
leaves. 

Fig.  6.  Interior,  showing  minimum  essential  fur- 
nishing, including  sod.  branches  and  fresh 
flowers. 


Plate  IV 

Interior  of  large  insectary,  Trinidad,  show- 
ing general  arrangement  of  planting  and 
alternation  of  light  and  shade. 

Fig.  8.  Comer  of  same  in  shadiest  portion.  Note 
arrangement  of  bamboo  slats,  luxuriance 
of  vines  and  variety  of  ground  cover. 

Plate  V 

Fig.  9.  Heliconius  spp.  going  to  roost  in  tem- 
porary insectary,  Moengo,  Surinam. 

Fig.  10.  Dryas  julia  julia  Fabr.  feeding  from  Lan- 
tana  camara  L.  inside  insectary,  Simla, 
Trinidad. 
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A Preliminary  Study  of  Marsupial  Relationships 
as  Indicated  by  the  Precipitin  Test 

Courtney  T.  Wemyss,  Jr.1 
State  Teachers’  College,  Trenton,  N.  J. 

(Text-figures  1-7) 


I.  Introduction 

IT  is  one  of  the  several  tasks  of  the  Sero- 
logical Museum  at  Rutgers  University,  New 
Brunswick,  New  Jersey,  to  apply  immuno- 
logical techniques  to  problems  of  systematics 
and  evolution.  Both  the  theory  and  the  practice 
of  so  doing  have  been  substantially  developed 
at  Rutgers  University  since  1925. 

The  underlying  assumption  is  that  organisms 
may  be  better  classified  with  a knowledge  of 
the  antigenic  behavior  of  their  proteins  than 
without  such  knowledge.  This  in  no  sense  im- 
plies that  serological  data  should  be  the  sole 
criterion  of  classification,  but  rather  seeks  to 
give  such  data  their  just  due  in  the  over-all  body 
of  systematic  information. 

Among  the  groups  of  animals  of  which  the 
sera  have  to  date  been  compared  by  the  pho- 
tronreflectometer  method  (Boyden  & DeFalco, 
1943)  are  Mammalia  (Boyden  & Gemeroy, 
1950),  Aves  (DeFalco,  1942),  Pisces  (Geme- 
roy, 1943),  Crustacea  (Leone,  1950),  and  In- 
secta  (Leone,  1947).  The  writer  undertook  to 
extend  the  studies  of  mammalian  proteins  by 
applying  this  classical  technique  to  the  available 
marsupial  sera.  Not  since  the  pioneer  experi- 
ments of  Nuttall  (1904)  has  this  group  figured 
in  comparative  serology. 

II.  Materials  and  Methods 
The  Antigens 

The  following  marsupials  figure  in  the  tests 
described  below: 

1 The  author  is  grateful  for  the  co-operation  of  the 
Tasmanian  Museum,  the  Zoological  Society  of  London 
and  the  Taronga  Zoological  Park  Trust  by  which  organ- 
izations the  sera  of  the  Australian  forms  were  contri- 
buted to  the  Serological  Museum  at  Rutgers  University. 
The  facilities  of  the  Serological  Museum  and  the  Depart- 
ment of  Zoology,  Rutgers  University,  were  made  avail- 
able for  this  study. 


Didelphis  virginiana 

North  American  opossum 
Didelphoidea 
Macropus  rufus 

Giant  red  kangaroo 
Phalangeroidea 
Macropus  giganteus 
Gray  kangaroo 
Phalangeroidea 
Phascolomys  ursinus 
Wombat 
Phalangeroidea 
Sarcophilus  harrisi 
Tasmanian  devil 
Dasyuroidea 
Perameles  nasuta 
Bandicoot 
Perameloidea 

With  the  exception  of  that  of  the  opossum, 
the  sera  were  obtained  from  bleedings  done  out- 
side the  United  States.  Preserved  in  merthiolate, 
all  samples  were  kept  at  refrigerator  tempera- 
ture after  arrival  at  the  Serological  Museum. 

Preparation  of  Antisera 

As  is  usual  in  systematic  studies,  the  rabbit 
was  the  antiserum  producer.  1 cc  of  1 :4  dilution 
of  whole  antigen  in  physiological  saline  was 
precipitated  by  9 cc  of  2%  potassium  alum  at 
room  temperature  and  .75  cc  of  the  resulting 
mixture  was  injected  intravenously  into  the  rab- 
bit’s ear  before  any  actual  flocculation  of  serum 
protein  could  be  observed.  Beginning  three 
weeks  after  the  initial  sensitization,  four  1 cc 
amounts  of  the  alum-precipitated  antigen  were 
injected  subcutaneously  at  48-hour  intervals. 
Seven  days  after  the  final  injection,  a trial  bleed- 
ing was  made  and  the  rabbit’s  serum  tested  for 
antibodies.  If  the  reaction  over  several  doubling 
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dilutions  of  homologous  antigen  (1:500:  1:- 
4000)  was  of  insufficient  strength,  a second 
series  of  four  or  five  1 cc  quantities  of  undi- 
luted, untreated  antigen  injected  at  48-hour  in- 
tervals was  given,  the  first  two  doses  being 
subcutaneous  and  the  remainder  intravenous. 
As  before,  a trial  bleeding  followed  one  week 
after  the  final  injection. 

If  the  antibody  level  was  adequate,  the  rab- 
bit was,  within  24  hours,  bled  out  by  cardiac 
puncture.  After  separation  from  the  clot  by 
centrifugation,  the  antiserum  was  passed 
through  a Seitz  filter  and  bottled  sterile  at  re- 
frigerator temperature. 

Powerful  antisera  to  the  first  four  antigens 
on  the  list  were  successfully  obtained  by  this 
procedure.  However,  on  three  occasions  indi- 
viduals so  treated  with  Tasmanian  devil  serum 
went  into  fatal  anaphylactic  shock  during  the 
booster  series.  The  relatively  weak  but  satisfac- 
tory antiserum  finally  developed  resulted  from 


an  intravenous  injection  of  2 cc  of  untreated 
antigen  followed  two  weeks  later  by  three  sub- 
cutaneous injections  of  1 cc  at  48-rour  inter- 
vals. The  very  small  quantity  of  bandicoot  serum 
available  made  impossible  any  immunizing  se- 
ries with  this  antigen. 

The  Test 

The  amount  of  reaction  between  antigen  and 
antibody  (precipitin  reaction)  was  determined 
by  the  use  of  the  Libby  photron’er  as  outlined  by 
Boyden  & DeFalco  (1943).  The  full  curve  with 
its  prozone,  zone  of  optimal  proportions  and 
postzone  was  determined  for  a constant  amount 
and  concentration  of  antiserum.  The  total  tur- 
bidity as  defined  by  this  curve  was  then  obtained 
by  adding  all  the  individual  turbidities  of  the 
cells  in  the  test.  Assigning  the  homologous  total 
a value  of  100%,  the  heterologous  values  were 
expressed  as  percentages  of  these  homologous 
totals. 


III.  Results 
Series  1 

The  anti-opossum  serum  used  against  the  ho- 
mologous antigen  gives  a total  turbidity  of 
876  units  with  the  peak  at  180.  Despite  this 
considerable  strength,  all  heterologous  tests  are 
negative. 


Table  I.  Antiserum  to  Didelphis  virginiana 
(Opossum) 


Antigen 

Peak 

Turbid- 

ity 

Total 

Turbid- 

ity 

% 

Homol 

ogous 

1.  Didelphis  virginiana 
(opossum) 

178 

876 

100 

2.  Macropus  giganteus 
(gray  kangaroo) 

N* 

N 

N 

3.  Macropus  rufus 
(red  kangaroo) 

N 

N 

N 

4.  Phascolomys  ursinus 
(wombat) 

N 

N 

N 

5.  Sarcophilus  harrisi 
(Tasmanian  devil) 

N 

N 

N 

6.  Perameles  nasuta 
(bandicoot) 

N 

N 

N 

* N = No  significant  reading. 


Text-fig.  1.  Opossum  X anti-opossum. 


1953] 


V/emyss:  Precipitin  Test  of  Marsupial  Relationships 


175 


Series  2 

The  most  powerful  antiserum  used  in  these 
determinations  was  that  to  the  wombat.  The 
curve  seen  in  Text-fig.  2 is  typical  of  one  ob- 
tained when  the  source  of  the  antibody  is  a rab- 
bit repeatedly  injected  over  an  extended  period 
of  time,  and  the  four  dilution  spread  of  the  zone 
of  optimal  proportions  is  indicative  of  a rela- 
tively low  antiserum  specificity.  The  peak  value 
(234)  is  very  high,  as  is  the  total  turbidity.  The 
heterologous  values  in  percent  of  the  homolo- 
gous total  are:  red  kangaroo,  25%;  gray  kan- 
garoo, 16% ; and  Tasmanian  devil,  5%.  Neither 
the  opossum  nor  the  bandicoot  antigens  react. 


Text-fig.  2.  Wombat  X anti-wombat. 


Table  II.  Antiserum  to  Phascolomys  ursinus 
(Wombat) 


Antigen 

Peak 

Turbid- 

ity 

Total 

Turbid- 

ity 

% 

Homol- 

ogous 

1 . Phascolomys  ursinus 
(wombat) 

234 

1505 

100 

2.  Macropus  rufus 
(red  kangaroo) 

70 

371 

25 

3.  Macropus  giganteus 
(gray  kangaroo) 

43 

240 

16 

4.  Sarcophilus  harrisi 
(Tasmanian  devil) 

16 

83 

5 

5.  Didelphis  virginiana 
(opossum) 

N* 

0 

0 

6.  Perameles  nasuta 
(bandicoot) 

N 

0 

0 

* N — No  significant  reading. 


Series  3 

Anti-gray  kangaroo  serum,  although  not  of 
excessive  strength,  reacts  with  three  out  of  five 
heterologous  marsupial  antigens  as  follows:  to 
64%  of  the  homologous  total  with  red  kangaroo 
serum,  to  17%  of  the  homologous  total  with 
wombat  serum  and  to  7%  with  Tasmanian  devil 
serum.  Opossum  and  bandicoot  sera  do  not  re- 
act with  this  antiserum. 


Text-fig.  3.  Gray  kangaroo  X anti-gray  kangaroo. 


Table  III.  Antiserum  to  Macropus  giganteus 
(Gray  Kangaroo) 


Antigen 

Peak 

Turbid- 

ity 

Total 

Turbid- 

ity 

% 

Homol- 

ogous 

1.  Macropus  giganteus 
(gray  kangaroo) 

124 

604 

100 

2.  Macropus  rufus 
(red  kangaroo) 

93 

355 

64 

3.  Phascolomys  ursinus 
(wombat) 

31 

105 

17 

4.  Sarcophilus  harrisi 
(Tasmanian  devil) 

14 

46 

7 

5.  Didelphis  virginiana 
(opossum) 

N* 

0 

0 

6.  Perameles  nasuta 
(bandicoot) 

N 

0 

0 

* N — No  significant  reading. 
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Series  4 

The  powerful  antiserum  made  to  the  red 
kangaroo  antigen  is  the  only  one  to  react  with 
opossum  and  bandicoot  antigens.  The  value  is 
10%  of  the  homologous  one  in  the  first  case 
and  4%  in  the  second  case.  The  other  three 
heterologous  values  are:  80%  with  gray  kan- 
garoo serum,  24%  with  wombat  serum  and 
4.5%  with  Tasmanian  devil  serum. 


Text-fig.  4.  Red  kangaroo  X anti-red  kangaroo. 


Table  IV.  Antiserum  to  Macropus  rufus 
(Red  Kangaroo) 


Antigen 

Peak 

Turbid- 

ity 

Total 

Turbid- 

ity 

% 

Homol- 

ogous 

1.  Macropus  rufus 
(red  kangaroo) 

177 

1148 

100 

2.  Macropus  giganteus 
(gray  kangaroo) 

142 

921 

80 

3.  Phascolomys  ursinus 
(wombat) 

62 

286 

24 

4.  Sarcophilus  harrisi 
(Tasmanian  devil) 

18 

54 

4.5 

5.  Didelphis  virginiana 
(opossum) 

27 

114 

10 

6.  Perameles  nasuta 
(bandicoot) 

15 

43 

4 

Series  5 

Made  to  the  Tasmanian  devil,  this  antiserum, 
the  weakest  of  the  five,  reacts  only  with  the 
wombat  among  the  heterologous  antigens.  The 
total  is  42%  of  the  homologous. 


Text-fig.  5.  Tasmanian  devil  X anti-Tasmanian 
devil. 


Table  V.  Antiserum  to  Sarcophilus  harrisi 
(Tasmanian  Devil) 


Antigen 

Peak 

Turbid- 

ity 

Total 

Turbid- 

ity 

% 

Homol- 

ogous 

1.  Sarcophilus  harrisi 
(Tasmanian  devil) 

79 

367 

100 

2.  Phascolomys  ursinus 
(wombat) 

60 

157 

42 

3.  Macropus  rufus 
(red  kangaroo) 

N* 

0 

0 

4.  Macropus  giganteus 
(gray  kangaroo) 

N 

0 

0 

5.  Didelphis  virginiana 
(opossum) 

N 

0 

0 

6.  Perameles  nasuta 
(bandicoot) 

N 

0 

0 

* N = No  significant  reading. 
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IV.  Discussion. 

Simpson  (1945)  gives  the  following  syste- 
matic interpretation  of  the  Order  Marsupialia. 
There  is  general  agreement  that  it  reflects  the 
natural  relationships  as  evident  from  structural 
comparisons  and  fossil  history. 

1.  The  Didelphoidea  are  the  primitive  mar- 
supial stock  with  several  persisting  lines,  among 
them  the  New  World  opossums. 

2.  Five  other  groups  arose  from  primitive 
didelphoid  types. 

3.  If  any  two  of  them  have  a common  an- 
cestry, it  was  for  a very  brief  period  and  at  a 
remote  time. 

4.  All  five  arose  at  about  the  same  time  and 
have  since  been  entirely  distinct. 

The  six  groups  are  assigned  the  rank  of  super- 
family: 

1.  Didelphoidea 

2.  Dasyuroidea 

3.  Borhyaenoidea 

4.  Perameloidea 

5.  Caenolestoidea 

6.  Phalangeroidea 


opossums 
native  “cats” 


bandicoots 
marsupial  “rats” 
kangaroos,  wombats 


Text-fig.  6.  Patterns  of  upper  molar  teeth  in  mar- 
supials, and  their  probable  phylogeny.  A -Pera- 
therium  fugax.  B and  C —Didelphys  virginiana. 
D —Dasyurus  viverrinus.  E —Perameles  nasuta.  F— 
Petauroides  volans.  G—Thylacinus  cynocephalus. 
H—Trichosurus  vulpecula.  I— Macropus  sp.  J-Phas- 
colarctos  cinereus.  PR— Protocone.  PA— Paracone. 
ME— Metacone.  ( After  Bensley,  1901,  The  Ameri- 
can Naturalist,  35:  245-269). 


Of  these,  the  Borhyaenoidea,  large  South 
American  carnivorous  marsupials,  are  extinct. 

These  superfamilies  represent  general  adap- 
tive types,  evolved  during  the  radiation  of  the 
order.  The  contemporary  situation  is  illustrated 
by  Text-figs.  6 and  7.  Text-fig.  6 shows  the  types 
of  upper  molar  teeth  found  in  the  various  mar- 
supial families.  A is  that  of  an  extinct  didelphid, 
Prototherium  fugax,  while  B and  C are  two 
representative  species  of  contemporary  opos- 
sums, Didelphis  azarae  and  Didelphis  virginiana. 
The  dotted  lines  indicate  the  postulated  evolu- 
tion from  the  basic  type. 

As  is  the  case  with  the  teeth  of  placental  mam- 
mals, there  are  omnivorous,  carnivorous  and 
herbivorous  types,  the  first  represented  by  the 
Didelphoidea  and  Perameloidea  (E),  the  sec- 
ond by  the  Dasyuroidea  (D  and  G),  and  the 
third  by  the  Phalangeroidea  (I  and  J).  In  gen- 
eral, the  parallelisms  with  the  molars  of  placent- 
als  in  similar  ecologic  niches  are  quite  evident. 

Text-fig.  7 shows  the  various  types  of  pes  to 


Text-fig.  7.  Modifications  of  the  pes  in  marsupials, 
and  their  probable  phylogeny.  A —Didelphys  nudi- 
caudata.  B—Phalanger  celedensis.  C—Tarsipes  ros- 
tratus.  D—Sminthopsis  murina.  E—Antichinomys 
laniger.  F—Phascolomys  latifrons.  G— Perameles 
doreyana.  H —Peragale  leucura.  l—Hypsiprymnodon 
moschatus.  J— Macropus  sp.  ( After  Dollo,  in  Bens- 
ley, 1901,  The  American  Naturalist,  35:  245-269). 


178 


Zoological  New  York  Zoological  Society 


[38:  15 


be  found  in  the  order.  A is  an  arboreal  append- 
age typical  of  the  opossums.  D and  E are  dasy- 
urid  modifications;  G and  H are  perameloid 
modifications;  and  the  remaining  ones  are  va- 
rious phalangeroid  modifications. 

There  are  two  criteria  for  the  formation  of 
supergroups  of  the  marsupial  subdivisions:  den- 
tition and  foot  pattern.  The  former  distin- 
guishes the  Diprotodontia  (two  incisor  teeth) 
and  the  Polyprotodontia  (many  incisor  teeth). 
Thus: 

Polyprotondontia 
Didelphoidea 
Borhyaenoidea 
Dasyuroidea 
Perameloidea 
Diprotodontia 
Caenolestoidea 
Phalangeroidea 


opossums 

Tasmanian  devil,  etc. 
bandicoots 


marsupial  “rats” 
kangaroos, 
wombats,  etc. 

The  second  distinguishes  the  Didactyla 
(second  and  third  digits  separate)  and  the  Syn- 
dactyla  (second  and  third  digits  fused).  Thus: 
Didelphoidea 


Didelphoidea 

Borhyaenoidea 

Dasyuroidea 


Caenolestoidea 

Syndactyla 

Perameloidea 

Phalangeroidea 


opossums 

Tasmanian  devil, 
native  “cats”  etc. 
marsupial  “rats” 


bandicoots 
kangaroos, 
wombats,  etc. 

There  are  two  anomalous  groups,  the  ban- 
dicoots, which  are  polyprotodont  and  syndac- 
tylous,  and  the  marsupial  “rats,”  which  are 
diprotodont  and  didactylous.  Of  the  other  four, 
all  those  which  are  polyprotodont  are  didacty- 
lous and  all  those  which  are  diprotodont  are 
syndactylous.  The  basis  for  the  intra-ordinal 
classification  of  the  marsupials  is  thus  very  simi- 
lar to  that  for  the  classification  of  placental 
mammals  at  both  the  ordinal  and  the  family 
levels,  for  digit  pattern  and  dentition  are  cer- 
tainly the  most  common  criteria  applied  by  the 
mammalian  systematist. 

How  may  the  results  of  the  precipitin  tests 
be  integrated  with  the  morphological  picture 
outlined  above?  Perhaps  the  best  procedure  is 
to  discuss  each  antiserum  individually,  inter- 
preting each  reaction  series  as  if  it  were  the  only 
one  available,  and  then  attempting  integration. 


Series  1.  Anti-opossum  serum 
On  the  basis  of  morphology,  the  Didelphoi- 
dea have  been  considered  as  being  remote  from 
the  other  superfamilies  of  the  order,  and  the 
serological  evidence  obtained  from  this  series 
of  tests  confirms  such  a view.  The  strength  of 


the  antiserum  employed  is  sufficient  to  enable 
slight  but  significant  heterologous  reactions  to 
occur  were  there  any  ordinary  similarities  in 
the  nature  of  the  homologous  antigen  and  any 
heterologous  antigen.  It  is  essential  to  remember, 
however,  that  the  source  of  antigen  was  a con- 
temporary opossum,  as  far  removed  in  time  from 
the  ancestral  didelphid  as  are  the  animals  from 
which  the  various  heterologous  antigens  were 
taken.  Conservative  a trait  as  serum  protein 
structure  is  reputed  to  be,  sufficient  changes  to 
distinguish  the  proteins  of  the  present  opossum 
quite  markedly  from  those  of  the  didelphid  com- 
mon ancestor  may  have  occurred.  One  of  the 
major  limitations  of  serological  systematics  is 
the  impossibility  of  evaluating  the  proteins  of 
extinct  forms. 

Series  2.  Anti-wombat  serum 

The  great  power  of  this  antiserum  makes  the 
results  extremely  important,  for  a high  turbidity 
peak  and  a broad  zone  of  optimal  proportions 
indicate  an  antibody  complex  of  low  specificity 
which  should  respond  to  even  slight  similarities 
in  heterologous  sera. 

As  would  be  expected,  the  other  phalangeroid 
sera  (those  of  the  red  and  gray  kangaroos)  yield 
the  strongest  heterologous  tests.  More  surpris- 
ing is  the  reaction  with  the  Tasmanian  devil 
antigen  in  the  complete  absence  of  any  reaction 
with  the  anatomical  intermediates,  bandicoot 
and  opossum.  On  the  basis  of  a serological  com- 
parison alone,  the  Tasmanian  devil  is  more 
similar  to  the  wombat  than  to  the  type  most 
resembling  the  presumptive  ancestor.  The  re- 
lationships of  the  bandicoot  and  opossum  to 
the  wombat  must  be  quite  remote,  since  even 
an  antiserum  with  such  power  and  low  specifi- 
city failed  to  react  with  either  one. 

Series  3.  Anti-gray  kangaroo  serum 

The  gray  kangaroo  antiserum  behaves  in  a 
manner  similar  to  the  anti-wombat  serum  in 
that  the  morphological  intermediates  show  no 
reaction  while  a slight  but  definite  turbidity 
curve  develops  when  the  Tasmanian  devil  anti- 
gen is  tested.  In  this  case  also,  the  greatest  sero- 
logical correspondence  coincides  with  the  ana- 
tomical similarities,  since  a companion  species 
of  the  same  genus  (red  kangaroo)  has  the  great- 
est heterologous  turbidity  and  a member  of  the 
same  superfamily  (wombat)  has  the  second 
greatest. 

Series  4.  Anti-red  kangaroo  serum 

The  reactions  of  the  red  kangaroo  antiserum 
reflect  the  classic  morphological  interpretation 
of  marsupial  relationships.  On  the  basis  of  these 
curves  alone,  the  conclusion  would  be  that  cur- 
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rent  serological  differences  among  the  families 
correspond  exactly  to  the  proposed  phylogeny. 
There  seems  to  be  no  doubt  about  the  validity 
of  the  opossum  curve.  A heterologous  value  of 
10%  is  significant,  and  a typical  progression 
through  a peak  of  27  establishes  its  conformity 
to  the  course  of  a precipitin  reaction  with  anti- 
serum constant  and  antigen  variable.  The  test 
was  run  three  times  with  comparable  results  in 
the  other  two  cases.  Although  the  Tasmanian 
devil  and  the  bandicoot  curves  are  barely  with- 
in the  margin  of  significance,  the  great  power 
of  the  antiserum  and  again  the  typical  curve 
pattern  justify  their  acceptance  as  valid  reac- 
tions. 

Series  5.  Anti-Tasmanian  devil  serum 

It  is  unfortunate  that  a more  powerful  Tas- 
manian devil  antiserum  was  not  obtained.  How- 
ever, the  results  are  not  in  any  way  contradic- 
tory. The  only  heterologous  antigen  which 
showed  any  reaction  was  the  wombat  serum. 
The  reciprocal  of  this  test  (Tasmanian  devil 
and  anti-wombat)  yielded  higher  turbidities  than 
any  other  heterologous  test  involving  the  same 
antigen.  Additional  confirmation  may  be  found 
in  the  considerable  serological  differences  ob- 
tained between  the  two  species  of  the  genus 
Macropus  on  one  hand  and  the  wombat  on  the 
other.  In  other  words,  the  negative  results  of 
the  kangaroo  tests  may  be  accounted  for  by 
regarding  the  antigen  factors  held  in  common 
by  them  and  the  Tasmanian  devil  to  be  different 
from  those  held  in  common  by  the  wombat 
and  the  Tasmanian  devil.  The  actual  quantita- 
tive result  is  open  to  question.  Were  the  anti- 
serum more  powerful,  the  42%  heterologous 
total  should  be  markedly  reduced  due  to  an 
increase  in  the  homologous  turbidity. 

Integration  of  these  preliminary  data  raises 
several  points,  one  pertaining  to  the  nature  of 
the  tests  and  the  others  to  relationships  among 
the  organisms  tested.  The  conjectural  nature  of 
the  latter  group  is,  of  course,  a function  of  the 
small  number  of  marsupial  antigens  available 
in  the  Serological  Museum  at  the  present  time. 
Until  this  collection  is  strengthened,  marsupial 
systematics  may  be  discussed  only  in  the  broad 
outline. 

1.  The  evaluation  of  the  small  reactions  must 
be  given  very  careful  consideration,  since  the 
quantitative  expression  of  serological  relation- 
ship as  determined  by  the  photron’er  is  defin- 
itely limited  to  reactions  of  reasonable  strength. 
Numerical  totals  may  vary  considerably  with 
different  lots  of  antisera  and  antigen  samples. 
What  does  remain  constant  at  all  levels  is  the 
order  of  the  relation  of  heterologous  antigens 
to  the  homologous  antigen.  When  dealing  with 


values  under  10%,  however,  there  is  danger  of 
a distorted  result  due  to  factors  such  as  slight 
errors  in  timing,  pipetting,  etc.,  which  have  no 
significant  effect  on  stronger  reactions— such  dis- 
tortions are  possible  at  all  levels  if  the  antiserum 
is  weak.  Thus,  an  apparent  reversal  of  heterolo- 
gous order  might  be  observed  in  different  deter- 
minations as  a result  of  a summation  of  slight 
technical  aberrations,  and,  in  the  same  man- 
ner, a marked  change  in  total  value  (say  from 
3%  to  6%)  might  also  be  seen.  It  is,  there- 
fore, important  to  note  the  form  of  the  curve 
so  that  the  addition  of  small  erratic  increments 
does  not  give  the  impression  of  a precipitin 
reaction  where  none  has  actually  taken  place. 

The  curves  representing  the  reactions  figuring 
in  these  studies  have  been  so  examined  and 
found  to  conform  to  the  typical  three  zone  pat- 
tern, and  hence  these  reactions  represent  slight 
similarities  between  the  serum  proteins  of  the 
two  animals  in  question  in  each  test. 

2.  The  intrafamilial  systematics  of  the  phal- 
angeroids,  as  determined  by  comparative  serol- 
ogy, confirms  the  morphological  classification 
in  all  three  series  involving  antisera  to  antigens 
of  this  group.  Also,  it  may  be  said  that  wombat 
stands  in  closer  relationship  to  red  kangaroo 
than  to  gray  kangaroo.  Both  anti-wombat  serum 
and  anti-red  kangaroo  serum  in  respective  heter- 
ologous tests  reveal  a correspondence  of  about 
25  % between  the  antigens  involved,  while  both 
anti-wombat  and  anti-gray  kangaroo  serum  in 
respective  heterologous  tests  reveal  a relation- 
ship of  about  17%  between  the  antigens  in- 
volved. 

3.  Biochemical  differences  among  the  various 
marsupials  do  not  seem  to  be  in  the  same  pat- 
tern as  the  morphological  differences.  Heterolo- 
gous reactions  reveal  a greater  similarity  among 
anatomical  extremes  than  between  either  ex- 
treme and  the  morphological  intermediates 
(opossums  and  bandicoots).  That  the  serum  of 
the  Tasmanian  devil,  a dasyurid,  should  react 
with  antisera  made  to  phalangeroids  like  the 
wombat  and  the  kangaroo  in  the  complete  ab- 
sence of  any  reaction  with  anti-opossum  serum 
indicates  a need  for  a thorough  re-examination 
of  the  systematics  of  this  order.  The  similarity 
of  the  extremes  is  confirmed  by  the  fact  that  the 
anti-Tasmanian  devil  serum  bridges  the  mor- 
phological gulf  reciprocally  to  react  with  the 
wombat  antigen  and  only  the  wombat  antigen. 

4.  The  isolation  of  the  opossum  and  the  ban- 
dicoot is  very  striking,  particularly  since  these 
forms  have  no  similarity  to  each  other,  if  the 
result  of  the  bandicoot  anti-opossum  test  is  any 
criterion. 

5.  Most  interesting  are  the  reactions  between 
the  antiserum  formed  to  the  red  kangaroo  and 
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the  opossum  and  bandicoot  antigens  respec- 
tively. In  the  complete  absence  of  any  comple- 
mentary evidence  from  the  reciprocal  test  with 
anti-opossum  serum  or  of  any  reaction  between 
either  antigen  and  the  antiserum  to  the  gray 
kangaroo,  an  animal  in  the  same  genus  as  the 
red  kangaroo,  it  seems  unlikely  that  these  re- 
sults reflect  a systematic  relationship.  Nor  is 
convergent  biochemical  evolution  a promising 
explanation.  In  the  first  place,  it  would  be  unique 
in  the  data  of  serological  comparison;  and,  sec- 
ondly, the  reciprocal  test  should  be  positive  just 
as  in  the  case  of  a true  systematic  relationship. 
The  writer  is  most  inclined  to  the  view  that 
the  antiserum  contains  some  anomalous  sub- 
stance not  typical  of  rabbits  in  general,  capable 
of  a heterophilic  reaction  with  opossum  and 
bandicoot  sera.  In  any  case,  no  conclusions  may 
be  drawn  until  other  tests  are  possible  as  well 
as  a repetition  of  the  anti-red  kangaroo  series. 

6.  It  is  illuminating  to  relate  the  serological 
data  from  these  tests  to  the  so-called  “serolog- 
ical yardstick”  of  Boyden  (1943),  who  states: 
“To  date,  the  photron’er  has  been  or  is  being  ap- 
plied to  the  study  of  [Insecta,  Pisces,  Aves,  Crus- 
tacea and  Mammalia],  Essentially  the  same  types  of 
results  have  been  obtained  in  all  these  groups  and 
no  one  by  looking  at  a series  of  curves  could  tell 
from  which  animals  the  curves  were  derived  . . . 
the  amounts  of  serological  divergence  run,  in  gen- 
eral, in  accordance  with  the  rank  of  the  systematic 
category  . . .” 

He  then  lists  the  magnitude  of  correspond- 
ence usually  found  among  members  of  the  same 
genus,  among  different  genera  in  the  same  fam- 
ily and  among  different  families.  There  is  such 
a surprising  consistency  among  widely  different 
systematic  groups  that  Boyden  believes  it  possi- 
ble to  utilize  these  values  as  abstract  standards  of 
systematic  rank  and,  thus,  to  resolve  the  eternal 
“conflict  between  ‘lumpers  and  splitters’.”  He 
notes,  for  example,  that  antisera  made  to  birds 
will  react  with  all  orders  of  birds  and  hence  con- 
cludes that  avian  orders  are  the  equivalent  of 
the  more  distantly  related  mammalian  families. 

Applying  this  line  of  reasoning  to  the  Order 
Marsupialia,  we  find  mixed  results.  The  high 
correspondence  within  the  genus  Macropus  is 
quite  in  line  with  that  in  placental  species  of  the 
same  genus  (60%  + ),  yet  the  other  member  of 
the  Superfamily  Phalangeroidea  represented  in 
these  data,  the  wombat,  has  a correspondence  to 
the  genus  Macropus  which  is  that  of  a rather 
distantly  related  family.  By  placental  standards, 
one  would  expect  an  order  of  40% -60%  simi- 
larity in  heterologous  reactions  between  the 
two  genera.  The  Dasyuroidea,  represented  by 
the  Tasmanian  devil,  show  the  differences  one 
would  expect  from  widely  divergent  families 
with  respect  to  the  Superfamily  Phalangeroidea. 


The  Didelphoidea  and  Perameloidea,  by  the 
"serological  yardstick,”  are  of  greater  than 
familial  distance  from  the  Dasyuroidea  and 
Phalangeroidea  and,  judging  by  the  results  of 
the  bandicoot  anti-opossum  test  alone,  are  at 
least  as  great  a distance  from  each  other. 

7.  The  two  sets  of  high  level  taxa  which  break 
up  the  order,  by  dentition  on  one  hand  (Poly- 
protodontia  or  Diprotodontia)  and  pes  form 
on  the  other  (Didactyla  or  Syndactyla) , ap- 
pear to  have  as  little  meaning  in  the  light  of 
the  serological  data  as  they  have  in  reference 
to  each  other.  To  cite  only  one  instance,  it 
would  be  expected  that  anti-Tasmanian  devil 
serum  would  react  more  readily  with  opossum 
serum  that  with  wombat  serum,  since  the 
phalangeroid  wombat  is  separated  from  the 
dasyurid  Tasmanian  devil  by  both  classifica- 
tions. This  is,  of  course,  not  the  case. 

The  marsupials  present  problems  in  systema- 
tics  which  are  more  difficult  than  most.  It  has 
long  been  recognized  that  the  group  embraces 
more  diverse  types  than  any  placental  order 
and  that  a continuous  spectrum  between  adap- 
tive extremes  is  the  rule  rather  than  a series 
of  sharp  breaks.  Such  a situation  always  in- 
creases the  difficulties  of  the  taxonomist  using 
a morphological  approach.  This  complication  is 
compounded  by  the  fact  that  marsupials  are 
overshadowed  in  the  minds  of  zoologists  by  the 
eutherians  and  that  the  former  are  almost  in- 
evitably judged  by  the  standards  of  the  latter. 
Since  its  techniques  minimize  the  subjective  ele- 
ment and  have,  indeed,  great  claim  to  being 
quantitative  in  the  true  numerical  sense  of  the 
word,  comparative  serology  is  admirably  suited 
as  a tool  for  the  systematic  study  of  such  a 
controversial  group.  It  is  of  particular  impor- 
tance that  this  study  be  pursued  beyond  the 
preliminary  level  represented  by  the  data  so  far 
obtained,  because  these  data  indicate  that  the 
morphological  interpretation  of  interfamilial 
relationships  among  marsupials  may  be  a false 
one. 

Let  it  be  emphasized  that  the  nature  of  the 
serum  proteins  is  a very  conservative  trait  which 
is  frequently  a truer  indication  of  the  relation- 
ship between  two  organisms  than  anatomical 
similarities.  For  example,  no  antiserum  to  a 
placental  mammal  would  react  with  a marsupial 
antigen  or  vice  versa,  thus  making  such  tests 
as  valid  a criterion  for  separation  as  the  great 
differences  in  the  reproductive  systems.  Cer- 
tainly it  is  worth  while  to  continue  serological 
comparisons  within  the  order  and  to  see  whither 
we  are  led.  It  is  quite  possible  that,  in  addition 
to  defining  a new  arrangement  of  marsupial 
types  and  determining  the  value  of  species  and 
genera  by  the  “serological  yardstick,”  much 
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may  be  learned  about  parallel  and  convergent 
evolution  in  structural  or  serological  characters, 
or  in  both. 

Summary 

1 . Several  representative  marsupial  sera  were 
compared,  using  the  photron’er  technique  of 
Boyden  (1943). 

2.  The  results  indicate  that  serological  re- 
lationships among  the  various  marsupial  fam- 
ilies may  not  correspond  to  the  relationships 
postulated  from  dentition  and  pes  form. 

3.  The  only  family  represented  by  more  than 
one  species  in  these  tests  exhibits  the  expected 
intrafamilial  similarities  in  the  serum  proteins. 

4.  Extrafamilial  correspondence  is  slight  in 
some  cases  and  nonexistent  in  others.  This  con- 
firms the  opinion  that  the  order  contains  more 
diverse  groups  of  animals  than  do  the  placental 
orders. 

5.  The  advantages  of  the  serological  ap- 
proach in  systematic  problems  of  this  nature  are 
brought  out. 

Bibliography 

Bensley,  A. 

1901.  A Theory  of  the  Origin  and  Evolution  of 
the  Australian  Marsupialia.  Amer.  Nat., 
35:  245-269. 

Bolton,  E.  T.,  C.  A.  Leone  & A.  Boyden 

1948.  A Critical  Analysis  of  the  Performance 
of  the  Photronreflectrometer  in  the  Mea- 
surment  of  Serological  and  Other  Turbid 
Systems.  J.  Immun.,  58:  169-181. 


Boyden,  A. 

1942.  Systematic  Serology:  A Critical  Appre- 
ciation. Physiol.  Zool.,  15:  109-145. 

1943.  Serology  and  Animal  Systematics.  Amer. 
Nat.,  77:  234-255. 

Boyden,  A.  & D.  G.  Gemeroy 

1950.  The  Relative  Position  of  the  Cetacea 
among  the  Orders  of  Mammalia  as  Indi- 
cated by  Precipitin  Tests.  Zoologica,  35: 
145-151. 

De  Falco,  R.  J. 

1942.  A Serological  Study  of  Some  Avian  Rela- 
tionships. Biol.  Bull.,  83:  205-218. 

Gemeroy,  D.  G. 

1943.  On  the  Relationships  of  Some  Common 
Fishes  as  Determined  by  the  Precipitin 
Reaction.  Zoologica,  28:  109-123. 

Leone,  C.  A. 

1947.  Systematic  Serology  Among  Certain  In- 
sect Species.  Biol.  Bull.,  93:  64-71. 

1950.  Serological  Systematics  of  Some  Palinuran 
and  Astacuran  Crustacea.  Biol.  Bull.,  98: 
122-127. 

Nutt  all,  G. 

1904.  Blood  Immunity  and  Relationship.  Cam- 
bridge Univ.  Press. 

Simpson,  G.  G. 

1945.  The  Principles  of  Classification  and  a 
Classification  of  Mammals.  Bull.  Amer. 
Mus.  Nat.  Hist.,  85. 


16 


The  Pathology  of  Myxosporidiosis  in  the  Electric  Eel,  Electrophorus 
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(Plates  I- VI;  Text-figures  1-4) 


Introduction 

MYXOSPORIDIANS,  which  are  pre- 
dominantly fish  parasites,  have  been 
reported  as  infecting  practically  every 
tissue  and  organ.  Many  species  are  host  and 
tissue  specific,  or  limited  in  occurrence  to  certain 
families  of  fishes  in  definite  localities.  There  is 
very  little  information,  however,  concerning  the 
pathology  associated  with  these  sporozoan  in- 
fections. This  contribution  deals  with  a detailed 
description  of  two  of  three  species  of  myxos- 
poridians found  in  the  electric  eel,  which  were 
previously  recorded  but  not  named  by  Jakowska 
& Nigrelli  ( 1950) ; these  parasites  are  considered 
new  and  are  here  named  Henneguya  visceralis 
and  Henneguya  electrica  spp.  nov.  Their  distri- 
bution in  the  host  and  their  effects  on  the  tissues 
are  described  and  discussed. 

Material  and  Methods 
Forty-one  electric  eels,  Electrophorus  elec- 
tricus (Linnaeus),  ranging  in  size  from  8 to  40 
inches,  were  examined  shortly  after  death.  The 
animals  had  been  in  captivity  at  the  New  York 
Aquarium  for  periods  ranging  from  a few  days 
to  many  months.  The  organs  showing  myxospo- 
ridian  cysts  were  fixed  in  Bouin’s  fluid  or  in 
formalin,  sectioned  at  5 microns  and  stained 
with  hematoxylin-eosin,  Giemsa’s  and  Masson’s 
methods. 

All  measurements  of  mature  spores  (Table 
1)  were  made  on  fresh  material  obtained  by 


teasing  out  the  cysts  in  saline  or  in  distilled 
water,  and  then  studied  in  coverslip  or  hanging 
drop  preparations  under  20  X ocular  and  43  X 
objectives.  Camera  lucida  drawings  were  made 
from  these  materials.  In  addition  to  sections  and 
wet  mounts,  touch  preparations  from  hemo- 
poietic organs  in  which  myxosporidians  oc- 
curred were  stained  with  Wright’s  method.  Vege- 
tative stages  were  described  from  sectioned 
material. 

The  authors  are  indebted  to  Christopher  W. 
Coates,  Curator  and  Aquarist  of  the  New  York 
Aquarium,  New  York  Zoological  Society,  for 
the  fish  used  in  this  investigation. 

Observations 

Description  of  New  Species  of  Henneguya 

On  the  basis  of  the  unfixed  mature  spores, 
two  types  of  Henneguya  were  sufficiently  dis- 
tinct from  other  described  Brazilian  members 
of  this  genus  (Table  1)  to  be  considered  as  new 
species.  No  distinction,  however,  could  be  made 
on  the  basis  of  the  size,  shape,  color  and  con- 
sistency of  the  cysts.  There  was  no  apparent 
relationship  either  between  the  degree  of  infec- 
tion and  maturity  of  the  host  or  between  the 
microscopical  characteristics  of  the  cysts  and  the 
developmental  stages  of  the  parasites.  In  every 
case  examined,  it  was  found,  however,  that  the 
parasites  in  each  cyst  had  attained  the  same 
stage  of  development,  i.e.,  either  sporogony  was 
almost  completed  or  the  cysts  contained  vege- 
tative stages  only. 


183 


184 


Zoologica:  New  York  Zoological  Society 


[38:  16 


Table  1.  Comparison  of  H.  visceralis  and  H.  electrica  with  Other  Species  of  Henneguya 

from  Brazilian  Freshwater  Fishes 


Data  Concerning  Each  Species: 
Name  of  Species,  Discoverer, 

Spore  Measurements  in  Microns 

Host  Fish,  Infected  Tissues 

Total  Body  Extension  Polar  Capsule 

Length  Length  Width  Length  Length  Width 

H.  linearis  (Gurley,  1893) 
in  Rhamdia  sebae  and  Pseudo- 
platystoma  fasciatum 
Branchial  cavity,  gills 

Insuff.  3Xor4X  Very  No  data  No  data  No  data 

data  the  width  narrow 

H.  lutzi  (Cunha  & Fonseca,  1918) 
in  Pseudopimelodus  zungaro 
Gall  bladder 

11  No  data  7 22  6-7  No  data 

H.  occulta  (Nemeczek,  1926) 
in  Loricaria  sp. 

Gills 

36-46  16-20  8-10  20  8 No  data 

Max.  50 

H.  leporini  (Nemeczek,  1926) 
in  Leporinus  mormyrops 
Urinary  ducts 

28-33  13-15  5 15-18  5-8  No  data 

H.  wenyoni  (Pinto,  1928) 
in  Astyanax  fasciatus 
Gills  and  intestine 

20  11-12  4.5-6  8-12  3.4-5  1.5 

19-24 

H.  iheringi  (Pinto,  1928) 
in  Serrasalmo  spiropleura 
Gills 

22  Tapered  6 None  2.4  2 

H.  fonsecai  (Guimaraes,  1931) 
in  Leporinus  copelandi 
Cutaneous  tissues  of  fins 

23-27  10-12  4.5-5  13-15  4-4.2  No  data 

H.  cesarpintoi  (Guimaraes,  1931) 
in  Astyanax  fasciatus 
Branchial  cavity 

13-14  5.5-6  4-4.5  7.5-8  2.5  0.8 

H.  bergamini  (Guimaraes,  1931) 
in  Astyanax  fasciatus 
“General”  cavity 

17-19  7-8  2-2.5  10-11  No  data  No  data 

H.  travassosi  (Guimaraes  & Bergamin, 
1933) 

in  Astyanax  fasciatus  and 
Leporinus  copelandi 
Muscles  and  cutaneous  tissues 

26.3-28  10.1-10.8  3.8-4.8  15.3-18  3.2-4.2  No  data 

H.  santae  (Guimaraes  & Bergamin, 
1934) 

in  Tetragnopterus  santae 
Gills  and  branchial  arches 

19.3-22.7  8.5-10.6  4.7-5v8  10.4-12.7  2.5-3.5  No  data 

(8.7) 

H.  visceralis  (Jakowska  & Nigrelli) 
in  Electrophorus  electricus 
Kidney,  liver,  heart,  mesentery 

22-24  11-12  5-6.5  11-12  6.5-8  2 

H.  electrica  (Jakowska  & Nigrelli) 
in  Electrophorus  electricus 
Large  electric  organs 

35-39  11-13  6-8  24-27  5-7  2 

Henneguya  spp.  (?)  (Jakowska  & 
Nigrelli) 

in  Electrophorus  electricus 
Oral  mucosa  and  upper  lip,  skin 

35-38  11-13  2.5  24-25  3.5  No  data 

1953] 
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Diagnosis  of  Species 

The  diagnosis  of  species  of  myxosporidians 
is  based  primarily  on  spore  size  and  shape, 
dimensions  of  polar  capsules  and  presence  or 
absence  of  specialized  structures.  On  these  char- 
acters alone,  Henneguya  visceralis  and  Henne- 
guya  electrica  differ  from  each  other  and  from 
other  recognized  species. 

The  spore  of  H.  visceralis  measures  22-24 
microns  in  total  length  and  5. 0-6. 5 microns  in 
width.  The  length  of  the  body  is  11-12  microns 
and  the  posterior  extensions  equal  this  length. 
The  polar  capsules  are  equal  in  size,  6.5-8 
microns  long  and  2.0  microns  wide.  A compari- 
son of  these  measurements  with  those  of  other 
species  listed  in  Table  1 shows  that  the  only 
species  to  approximate  them  is  H.  wenyoni;  it 
differs,  however,  from  H.  visceralis  in  the  dimen- 
sions of  the  polar  capsules,  which  are  smaller, 
measuring  3.4-5  X 1.5  microns.  H.  iheringi  has 
a body  length  similar  to  that  of  H.  visceralis, 
but  lacks  the  posterior  extensions. 

The  spore  of  H.  electrica  measures  35-39 
microns  in  total  length  and  6-8  microns  in  width. 
The  body  proper  measures  11-13  microns  in 
length,  while  the  posterior  extensions  are  con- 


siderably longer  (24-27  microns).  The  polar 
capsules  measure  5-7  X 2 microns.  The  total 
body  length  of  H.  electrica  falls  within  the  size 
range  shown  for  H.  occulta  in  Table  1;  the  lat- 
ter species,  however,  possesses  shorter  posterior 
extensions,  about  equal  to  the  length  of  the  body. 

The  main  distinguishing  feature  between  the 
spores  of  H.  visceralis  and  H.  electrica  consists, 
among  others,  in  the  different  length  of  the 
posterior  extensions  which  measure  24-27 
microns  in  H.  electrica  and  11-12  microns  in 
H.  visceralis. 

Henneguya  visceralis  sp.  n. 

Except  in  the  kidney,  no  early  vegetative 
stages  were  found  in  cysts  occurring  in  the  stom- 
ach, liver,  spleen,  gall  bladder  and  heart.  Vari- 
ous stages  of  development  leading  to  sporogony 
were  found  in  the  cysts  of  the  kidney  (Plate 
III,  fig.  5)  or  free  in  the  intertubular  and  inter- 
glomerular  areas,  where  they  were  usually 
associated  with  the  extra-cellular  yellowish, 
siderin-like  deposits  (Plate  I,  figs.  1 and  2,  and 
Plate  II,  figs.  3 and  4). 

Description  of  the  Vegetative  Stages  (Text- 
fig.  1,  a-i) . — Uninucleate  trophozoites  were  of 


Text-fig.  1.  Vegetative  stages  of  Henneguya 
visceralis  sp.  n.,  together  with  an  immature  and 
mature  spore,  from  a section  of  a superficial  cyst 
located  on  the  posterior  kidney.  Masson’s  stain. 
Appr.  4000  X.  a— uninucleate  trophozoite  with 
granular  cytoplasm  and  a pycnotic  nucleus  sur- 
rounded by  a clear  perinuclear  zone,  b— uninucleate 
trophozoite  with  two  nucleoli  and  a less  granular 
cytoplasm,  c— binucleate  sporoblast  suggesting  a 
mitotic  division  in  one  of  the  two  nuclei,  d— binu- 
cleate sporoblast  with  cleaving  nuclei  suggesting 
amitosis.  e— tetranucleate  sporoblast;  note  the  re- 


duction in  size  of  the  nuclei.  /— octonucleate  sporo- 
blast; the  cytoplasm  shows  lesser  granularity  than 
in  the  earlier  stages  of  development,  g— sporoblast 
with  twelve  generative  nuclei,  h— initiation  of  spore 
formation  in  a pansporoblast;  vacuole-like  areas 
appearing  around  the  nuclei  of  varying  sizes,  i— di- 
sporous  pansporoblast  showing  a more  symmetrical 
arrangement  of  vacuoles  and  nuclei,  /—immature 
spore;  posterior  extension  not  developed.  A:— mature 
spore  showing  two  sporoplasm  nuclei;  note  the  size 
of  extracellular  yellowish  bodies  (hemosiderin?). 
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irregular  shape,  4-9  microns  in  the  wider  di- 
mension; the  cytoplasm  was  granular,  staining 
grayish  with  Masson’s;  nucleus  pycnotic,  sur- 
rounded by  a clear  granule-free  zone  (Text-fig. 
1,  a).  Some  uninucleate  sporoblasts  believed 
to  be  under  transition  to  the  next  stage  showed 
two  nucleoli  within  a light  staining  nucleus 
(Text-fig.  1,  b).  Binucleate  stages  showed  no 
conspicuous  granule-free  zone  around  the  nu- 
clei. There  was  some  indication  of  mitotic  divi- 
sion in  binucleate  sporoblasts  (Text-fig.  1,  c), 
but  nuclear  conditions  suggesting  amitosis  were 
also  observed  (Text-fig.  1,  d) . Tetranucleate 
sporoblasts  (Text-fig.  1,  e and  f)  and  sporo- 
blasts with  12  generative  nuclei  (Text-fig.  1,  g) 
had  clearer  cytoplasm.  Pansporoblasts  in  which 
spore  formation  was  initiated  showed  granule- 
free  vacuole-like  areas  around  the  nuclei  (Text- 
fig.  1,  h).  Disporous  pansporoblasts  (Text-fig. 
1,  i),  11  microns  in  the  wider  dimensions,  ex- 
hibited a more  symmetrical  arrangement  of  vac- 


uoles and  nuclei.  Immature  spores  (Text -fig.  1, 
j)  had  short  posterior  extensions. 

Description  of  Cysts.—' The  surface  cysts  of  H. 
visceralis  were  found  in  the  kidneys  of  all  the 
eels  examined  (100%)  and  the  most  common 
locus  was  the  lateral  margin  of  the  posterior  kid- 
ney. These  were  flat  or  raised,  solid,  white  cysts. 
The  cysts  on  the  ventral  and  dorsal  surfaces  of 
the  kidney  were  usually  flat  and  milky  in  con- 
sistency and  sometimes  vascularized.  Less  fre- 
quently, the  solid  white  cysts  were  also  found  on 
the  mesentary  (sometimes  associated  with  larval 
nematodes) , on  the  surface  of  the  stomach,  liver, 
spleen,  gall  bladder  and  heart.  Microscopically, 
however,  cysts  of  this  species  also  occurred  in 
the  deeper  tissues  of  the  above-mentioned  or- 
gans and  the  pathology  associated  with  these 
infections  is  described  below.  Yellowish  soft 
cysts  were  occasionally  seen,  but  their  condition 
was  attributed  to  post-mortem  changes. 

Description  of  Spores  (Text-fig.  1,  j,  k;  Text- 


Text-fig.  2.  Unfixed  spores  of  Henneguya  vis- 
ceralis sp.  n.  from  a teased  cyst  on  the  kidney. 
Hanging  drop  preparation.  Appr.  2000  X,  with  the 
exception  of  figs,  k and  l which  are  magnified  appr. 
2500  X.  a,  b and  c— different  aspects  of  mature 
spores;  in  c the  space  occupied  by  the  sporoplasm 
was  not  determined,  d— abnormally  short,  seem- 


ingly mature  spore,  e,  f and  g— immature  spores. 
h— lateral  view  of  an  apparently  empty  spore  case, 
showing  smooth  suture,  /—oblique  view  of  a mature 
spore,  /—immature  spore.  £— mature  spore  showing 
a single  sporoplasm  nucleus  (synkaryon).  /—mature 
spore  with  discharged  polar  capsules;  one  filament 
extending  anteriorly. 
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Text-fig.  3.  Unfixed  young  and  mature  spores  of 
Henneguya  electrica  sp.  n.  from  a teased  cyst  located 
on  the  dorsal  margin  of  the  large  electric  organ; 
hanging  drop  preparation.  Appr.  2000  X.  a— nearly 
mature  disporous  pansporoblast,  b and  c— young 
spores  emerging  in  paired  condition;  suture  may  be 
seen  in  c.  d— a pair  of  mature  spores  joined  at  the 
tip  of  the  posterior  extension,  e— lateral  view  of  a 


pair  of  spores,  showing  their  slightly  compressed 
bodies,  /—mature  spore  with  discharged  polar  fila- 
ments. g— immature  or  abortive  spore,  h— early  stage 
in  the  development  of  two  apposed  spores,  /—mature 
spore  showing  empty  polar  capsules,  capsule  nuclei 
and  a sporoplasm  nucleus,  j and  &— mature  spores 
with  one  polar  filament  extruded.  / and  m— typical 
mature  spores. 
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fig.  2,  a-1)  .—Mature  spores  with  fully  developed 
polar  capsules  and  two  sporoplasm  nuclei  (Text- 
fig.  1,  k)  were  frequently  found  in  the  kidney 
tissue  near  the  vegetative  stages  (Plate  II,  fig. 
4,  and  Plate  IV,  fig.  7).  More  often  they  oc- 
curred in  cysts  on  the  kidney,  stomach,  liver, 
spleen,  gall  bladder,  heart  (Plate  V,  fig.  10), 
scrapings  from  the  palate  and  from  the  lumen 
of  the  urinary  duct.  The  spores,  bodies  measur- 
ing 11-12  X 5. 0-6. 5 X 4.5  microns  (Table  1), 
were  flattened  on  one  side  and  slightly  convex 
on  the  other  (Text-fig.  2,  c).  Posterior  exten- 
sions equaled  the  length  of  the  body  (Text-fig. 
2,  a and  k).  Polar  capsules  which  measured 
6.5-8  X 2 microns  occasionally  appeared  asym- 
metrical in  oblique  view  (Text-fig.  2,  b).  Ex- 
truded polar  filaments  measured  up  to  44  mi- 
crons in  length  (Text-fig.  2,  1).  Some  of  the 
variation  in  shape,  size  and  development  of 
spores  is  shown  in  Text-fig.  1,  j;  Text-fig.  2,  d-j. 

Henneguya  electrica  sp.  n. 

Cysts  of  this  form  occurred  on  the  median 
dorsal  surface  of  the  large  electric  organ  (Plate 
VI,  fig.  11).  Vegetative  stages  were  not  observed. 
Some  cysts  contained  terminal  stages  in  sporog- 
ony  (Text-fig.  3,  a). 

Description  of  Cysts.— The  cysts  of  H.  elec- 
trica were  seen  in  only  about  10%  of  the  autop- 
sies and  macroscopically  usually  appeared 
similar  to  the  solid  white  cysts  of  H.  visceralis. 
Yellowish  soft  cysts  were  also  found. 

Description  of  Spores  (Text-fig.  3,  Plate  VI, 
fig.  12)— Immature  spores  had  broad  bodies  and 
short  posterior  extensions  (Text-fig.  3,  b,  c and 
g).  Mature  spores  (Plate  I,  figs.  1 and  2;  Text- 
fig.  3,  d-f,  i-k,  m),  measuring  11-13  X 6-8  X 
4.5  microns  (Table  1),  had  nearly  symmetrical 
valves;  posterior  extensions  measured  24-27  mi- 
crons; extruded  filaments  44-50  microns  (Text- 
fig.  3,  f,  g and  k).  The  polar  capsules  occupied 
approximately  one-half  of  the  body  length  (5-7 
microns).  Fresh  spores  released  from  cysts  re- 
tained their  association  in  pairs,  indicating  that 
their  development  was  synchronous  (Plate  VI, 
fig.  12;  Text-fig.  3,  b,  c and  d).  Sporoplasm 
and  capsular  nuclei  were  evident  in  some  spores 
(Text-fig.  3,  i). 

Henneguya  spp.  (?). 

Gray  thick  cysts  from  the  mouth  of  one  elec- 
tric eel  and  white  solid  cysts  from  the  skin  in  the 
dorsal  body  region  of  several  other  specimens 
contained  spores  in  various  stages  of  develop- 
ment but  no  early  vegetative  stages  were  found. 
The  spores  from  the  mouth-cysts  measured  Il- 
ls X 2.5  microns;  posterior  extensions  24-25 
microns.  Polar  capsules  were  approximately  3.5 


microns  long  (Table  1;  Text-fig.  4,  g).  The 
spores  found  in  cysts  on  the  skin  were  variable 
in  size  and  shape,  occasionally  showing  asym- 
metrical polar  capsules  (Text-fig.  4,  b and  d). 
These  spores  showed  some  similarities  to  H. 
visceralis  and  H.  electrica. 

Pathological  Changes  Associated  with 
Myxosporidiosis  in  Electric  Eels 

Pathological  manifestations  caused  by  Henne- 
guya visceralis  were  seen  in  the  kidney,  liver, 
spleen  and  heart,  and  the  changes  noted  were 
probably  the  cause  of  death.  The  infection  was 
partly  characterized  by  the  presence  of  numer- 
ous diffusely  scattered  circular  or  oval-shaped 
masses  of  siderin-like  deposits.  These  were  yel- 
low in  hematoxylin-eosin  and  Masson  prepara- 
tions and  greenish  when  stained  with  Giemsa. 

The  posterior  or  excretory  part  of  the  kidney 
appeared  to  be  the  primary  locus  of  the  infection. 
Stages  in  sporogony  were  found  in  thin  and 
thick-walled  cysts  situated  at  the  surface  and  just 
below  the  surface  (Plate  III,  fig.  5)  and  as  a 
diffuse  infiltration  within  the  kidney  tissue  asso- 
ciated with  siderin-like  bodies  (Plate  I,  figs.  1 and 
2;  Plate  II,  fig.  3).  Uninucleate  trophozoites, 
readily  recognized  in  Masson  preparations  by 
their  grayish  appearance,  were  found  scattered 
in  the  intertubular  and  interglomerular  regions 
(Plate  II,  figs.  3 and  4) . In  these  areas,  the  patho- 
logical reactions  were  manifested  by  the  devel- 
opment of  numerous  sinusoids,  fibrous  tissue, 
tubercle-like  concretions  and  extensive  paren- 
chymatous degeneration  (Plate  I,  fig.  2;  Plate 
II,  fig.  4).  There  was  evidence  of  macrophage 
activity  in  some  parts  of  the  kidney,  but  no 
eosinophilia  or  typical  inflammatory  reaction 
were  seen.  It  could  not  be  determined  whether 
or  not  these  pathological  changes  were  the  result 
of  direct  action  of  the  parasites  or  of  some  toxic 
agent  elaborated  by  them. 

In  the  anterior  or  hemopoietic  part  of  the  kid- 
ney (Plate  IV,  fig.  7)  and  in  the  spleen,  the  only 
evidence  of  infection  was  indicated  by  the  pres- 
ence of  massed  siderin-like  bodies  among  which 
fully  formed  spores  were  found.  No  effect  on 
hemopoiesis  was  apparent  in  the  kidney,  mitotic 
figures  being  frequently  seen.  Some  host  re- 
sponse was  indicated  in  the  spleen  by  the  pres- 
ence of  numerous  macrophages  with  ingested 
granules  and  by  a thickening  of  the  fibrous  cap- 
sule. 

The  damage  to  the  liver  was  quite  extensive. 
The  lesions  were  characterized  by  a fibrosis  and 
by  a “waxy”  or  vacuolar-like  degeneration  of 
the  hepatic  cells  (Plate  IV,  fig.  8) . Large  deposits 
of  the  yellow  bodies  were  seen  scattered  through- 
out the  liver  lobules,  especially  in  regions  near 
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sinusoids.  It  should  be  pointed  out  that  the  fi- 
brous tissue  development  was  more  extensive 
in  those  livers  which  were  also  infected  with 
larval  ascaroids. 

The  greatest  accumulation  of  H.  visceralis  was 
found  in  the  heart  in  extremely  thin-walled  cysts, 
probably  developed  in  the  subendocardial  layer 
of  areolar  tissue  (Plate  V,  figs.  9 and  10).  These 
cysts  were  formed  by  a thin  network  of  connec- 
tive and  vascular  elements  and  contained  nu- 
merous spores  in  various  stages  of  maturation. 
No  emboli  were  noted.  There  was,  however, 
some  degeneration  of  the  myocardium  and  a 
definite  thickening  of  the  pericardium. 

The  spores  of  H.  visceralis  were  also  found  in 
the  mucous  membranes  of  the  mouth,  but  the 
associated  pathology  was  not  studied. 

The  spores  of  H.  electrica  occurred  in  cysts 
in  the  electric  tissue  (Plate  VI,  figs.  11  and  12). 
The  only  pathology  noticed  there  was  the  de- 
struction and  replacement  of  comparatively 


Text-fig.  4.  Unfixed  mature  and  immature  spores 
of  Henneguya  found  in  cysts  on  the  skin  ( d to  / and 
h to  l)  and  in  the  mouth  (g).  Spores  in  figs,  a and  c 
are  from  the  mucous  scrapings  from  the  mouth. 
Hanging  drop  preparation.  Appr.  2000  X.  a and 
c— mature  spores  with  short  posterior  extensions 


large  areas  of  the  end-plate  tissue,  which  com- 
prises the  tissue  of  the  large  electric  organ.  No 
inflammatory  reaction  was  noted. 

Discussion 

Electrophorus  electricus  (Linnaeus)  is  a new 
host  for  the  genus  Henneguya.  The  species  that 
it  harbors  possess  features  in  which  they  differ 
from  the  other  species  of  Henneguya  described 
from  Brazilian  freshwater  fish  (Gurley,  1893; 
Cunha  & Fonseca,  1918;  Nemeczek,  1926; 
Pinto,  1928;  Guimaraes,  1931;  Guimaraes  & 
Bergamin,  1933,  1934).  This  conclusion  was 
reached  after  comparing  both  published  figures 
and  the  measurements  of  the  spore  parts  of  the 
known  species  of  Henneguya  with  those  of  the 
two  new  forms,  named  here  H.  visceralis  and 
H.  electrica  spp.  nov.  (Table  1). 

There  is  a dearth  of  information  concerning 
the  pathology  of  myxosporidiosis.  In  general, 
the  tissue  reactions  are  manifested  by  simple 


resembling  H.  visceralis  sp.  n.  b and  spores  with 
asymmetrical  polar  capsules,  e,  j and  /—forms  re- 
sembling typical  mature  spores  of  H.  electrica  sp.  n. 
g—  a mature  spore  from  a cyst  in  the  mouth,  prob- 
ably a different  species  of  Henneguya.  h,  j,  k and  l— 
forms  resembling  young  spores  of  H.  electrica  sp.  n. 
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cyst  formation  or  fibrosis,  and  occasionally  by  a 
focal  accumulation  of  eosinophiles,  lymphocytes 
and  plasma  cells.  In  the  immediate  regions  of  the 
infections,  atrophy,  hyalin  degeneration  and 
other  necrobiotic  changes  are  often  present.  In 
some  instances,  the  host  responses  are  charac- 
terized by  a complete  transformation  in  the 
character  of  the  cells  (Kudo,  1929,  1930  and 
1946)  and  by  a hyperplasia  of  the  immediate  and 
adjacent  tissues  (Nigrelli  & Smith,  1938,  1940; 
Nigrelli,  1948).  When  the  infection  is  diffused 
(i.e.,  when  the  parasites  are  not  encysted),  nu- 
merous siderin-like  particles,  either  massed  or 
scattered,  are  often  associated  with  the  devel- 
oping parasites.  It  has  been  suggested  (Doflein, 
1898;  also  see  Kudo,  1930,  p.  321)  that  these 
yellow  bodies  are  transformed  secretory  prod- 
ucts of  the  parasite  and  that  when  present  in 
large  numbers  they  may  cause  death  of  the  host. 
Since  similar  granules  are  known  to  occur  in 
fishes  with  other  types  of  infection,  however, 
it  is  our  belief  that  these  yellow  bodies  represent 
degenerative  products  of  the  host  tissue. 

The  occurrence  of  H.  visceralis  in  the  various 
tissues  of  the  electric  eel  may  indicate  that  the 
parasites  are  transported  by  the  blood  stream 
during  some  part  of  their  life  cycle.  The  kidney 
is  the  primary  locus  of  infection  and  the  para- 
sites are  probably  disseminated  by  way  of  the 
renal  and  hepatic  portal  systems,  since  cysts  were 
commonly  found  in  the  mesentery,  liver,  spleen 
and  heart.  The  possibility,  however,  that  the 
parasites  may  directly  penetrate  the  larger  blood 
vessels  must  also  be  taken  into  consideration. 

Summary 

Two  new  species  of  histozoic  myxosporidians 
of  the  genus  Henneguya  are  reported  from  a new 
host  for  protozoan  parasites,  Electrophorus 
electricus  (Linnaeus);  they  are  described  under 
the  names  of  H.  visceralis  sp.  n.  and  H.  electrica 
sp.  n.  The  pathogenesis  of  this  myxosporidiosis 
is  described  and  discussed. 
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EXPLANATION  OF  THE  PLATES 


Plate  I 

Fig.  1.  Accumulation  of  siderin-like  deposits  in 
the  excretory  portion  of  the  kidney.  Tro- 
phozoites and  pansporoblasts  of  Henne- 
guya  visceralis  are  found  among  the  inter- 
stitial elements  and  siderin-like  deposits. 
Masson’s  stain.  Approx.  250  X. 

Fig.  2.  Nest  of  trophozoites  of  H.  visceralis  among 
kidney  tubules  and  glomeruli.  Note  the 
sinusoids.  Masson’s  stain.  Approx.  500  X. 

Plate  II 

Fig.  3.  Portion  of  posterior  kidney  showing  tubu- 
lar and  glomerular  degeneration  and  a 
number  of  uninucleate  trophozoites  of  H. 
visceralis.  Masson’s  stain.  Approx.  800  X. 

Fig.  4.  Cloudy  swelling  or  parenchymatous  de- 
generation of  the  kidney  tubule  and  a 
group  of  siderin-like  bodies  including  a 
mature  spore  of  H.  visceralis.  Giemsa’s 
stain.  Approx.  1000  X. 

Plate  III 

Fig.  5.  Surface  cyst  containing  trophozoites  of 
H.  visceralis  located  on  posterior  kidney. 
Masson’s  stain.  Approx.  120  X. 

Fig.  6.  Parenchymatous  degeneration  in  the  ex- 
cretory portion  of  the  kidney.  Masson’s 
stain.  Approx.  800  X. 


Plate  IV 

Fig.  7.  Hemopoietic  portion  of  the  kidney  show- 
ing intra-  and  extra-cellular  siderin-like 
deposits  among  which  mature  spores  of 
H.  visceralis  are  found.  Giemsa's  stain. 
Approx.  1200  X. 

Fig.  8.  Liver  showing  vacuolar-like  degeneration 
and  siderin-like  deposits.  Masson’s  stain. 
Approx.  600  X. 

Plate  V 

Fig.  9.  “Nests”  of  H.  visceralis  spores  in  the 
endocardium  of  the  ventricle.  Note  the 
thickened  pericardium.  Masson’s  stain. 
Approx.  10  X. 

Fig.  10.  Phase  contrast  photomicrograph  of  living 
spores  of  H.  visceralis  from  “nests”  in  the 
endocardium.  Masson’s  stain.  Approx. 
800  X. 

Plate  VI 

Fig.  11.  Cyst  with  mature  spores  of  H.  electrica 
in  the  electric  tissue.  Masson’s  stain. 
Approx.  250  X. 

Fig.  12.  Phase  contrast  photomicrograph  of  un- 
stained living  spores  of  H.  electrica  from 
a cyst  on  the  electric  organ.  Approx. 
1000  X. 
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PLATE  1 


FIG.  1 


FIG.  2 


THE  PATHOLOGY  OF  M YXOSPORI DIOSIS  IN  THE  ELECTRIC  EEL.  ELECTROPHORUS  ELECTRICUS  (LINNAEUS), 
CAUSED  BY  HENNEGUYA  VISCERALIS  AND  H.  ELECTRICA  SPP.  NOV. 
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PLATE  II 


FIG.  3 


FIG.  4 

THE  PATHOLOGY  OF  M YXOSPORI DIOSIS  IN  THE  ELECTRIC  EEL,  ELECTROPHORUS  ELECTRICUS  (LINNAEUS), 
CAUSED  BY  HENNEGUYA  VISCERALIS  AND  H.  ELECTRICA  SPP.  NOV. 
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FIG.  6 


THE  PATHOLOGY  OF  M YXOSPORI DIOSIS  IN  THE  ELECTRIC  EEL,  ELECTROPHORUS  ELECTRICUS  (LINNAEUS), 
CAUSED  BY  HENNEGUYA  VISCERALIS  AND  H.  ELECTRICA  SPP.  NOV. 
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PLATE  IV 


FIG.  7 


FIG.  8 

THE  PATHOLOGY  OF  M YXOSPORI DIOSIS  IN  THE  ELECTRIC  EEL,  ELECTROPHORUS  ELECTRICUS  (LINNAEUS), 
CAUSED  BY  HENNEGUYA  VISCERALIS  AND  H.  ELECTRICA  SPP.  NOV. 
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PLATE  V 


FIG.  9 


FIG.  10 


THE  PATHOLOGY  OF  MYXOSPORI DIOSIS  IN  THE  ELECTRIC  EEL.  ELECTROPHORUS  ELECTRICUS  (LINNAEUS). 
CAUSED  BY  HENNEGUYA  VISCERALIS  AND  H.  ELECTRICA  SPP.  NOV. 
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PLATE  VI 


FIG.  12 


the:  PATHOLOGY  OF  MYXOSPORIDIOS[S  IN  THE  ELECTRIC  EEL,  ELECTROPHORUS  ELECTRICUS  (LINNAEUS). 
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The  Family  Position  of  Neotropical  Frogs  Currently 
Referred  to  the  Genus  Pseudis 

Jay  M.  Savage  & Antenor  L.  De  Carvalho 
Natural  History  Museum,  Stanford  University, 

California;  and  Museu  Nacional,  Rio  de  Janeiro,  Brazil 

(Text-figures  1-5) 


RECENTLY  while  reviewing  the  classifi- 
cation of  several  aquatic  frog  genera 
from  South  America  we  had  an  oppor- 
tunity to  consider  the  genus  Pseudis  in  some 
detail.  One  member  of  this  genus,  Pseudis  para- 
doxus of  eastern  South  America,  has  long  ranked 
with  the  African  hairy  frog,  Astylosternus  ro- 
bustus,  the  casque-headed  frogs  of  the  Americas, 
the  West  African  giant  frog,  Rana  goliath,  and 
the  neotropical  marsupial  frogs,  as  a constant 
source  of  popular  interest  by  reason  of  its  change 
at  metamorphosis  from  a giant  tadpole  to  a rela- 
tively small  adult.  It  is  surprising  that  this  her- 
petological  curiosity  and  its  close  allies  are  not 
well  understood  systematically,  for  our  investi- 
gations reveal  that  the  genus  is  composite  and 
that  the  status  of  the  described  species  is  badly 
confused.  Moreover,  it  has  been  discovered  that 
the  reference  of  Pseudis  paradoxus  and  related 
forms  either  to  the  family  Leptodactylidae 
(sensu  lato)  or  to  the  family  Hylidae  is  ques- 
tionable. The  following  notes  are  a result  of  our 
analysis  of  these  problems  and  are  designed  to 
clarify  the  systematic  position  of  these  “para- 
doxical” frogs. 

Historical  Account 

In  this  summary  of  the  history  of  the  frogs 
allied  to  Pseudis  paradoxus,  only  those  papers 
are  cited  in  which  new  genera  or  species  are 
proposed  or  which  contain  radical  changes  in 
the  placement  of  named  forms.  For  complete 
synonymies  see  Berg  (1896),  Nieden  (1923) 
and  Miranda-Ribeiro  (1926).  Throughout  this 
preliminary  discussion  specific  names  are  pre- 
sented as  they  appear  in  the  papers  under  con- 
sideration. It  should  be  noted,  however,  that 
both  the  generic  names  Pseudis  and  Lysapsus 


are  of  masculine  gender  following  the  Inter- 
national Rules  of  Zoological  Nomenclature  as 
modified  at  the  Paris  Congress  (see  Hemming, 
1950,  p.  109). 

Rana  paradoxa  was  first  described  in  the 
modern  systematic  literature  by  Linnaeus  (1758, 
p.  212)  from  a series  of  transforming  tadpoles 
now  in  the  Royal  Museum  at  Stockholm  (An- 
dersson,  1900,  p.  21).  Laurenti  (1768,  p.  35) 
included  the  larvae  of  this  frog  in  his  genus 
Proteus  as  a new  species,  P.  raninus.  During 
the  next  sixty  years  all  other  workers  followed 
Linnaeus  and  it  was  soon  recognized  that  Lau- 
renti’s  name  applied  to  larvae  of  Rana  paradoxa. 

Wagler  (1830,  p.  203)  delineated  the  dif- 
ferences between  paradoxa  and  the  rest  of  Lin- 
naeus’s Rana  and  proposed  the  genus  Pseudis 
for  this  unique  frog.  Dumeril  & Bibron  (1841, 
p.  330)  followed  Wagler  but  changed  the  name 
to  Pseudis  merianae. 

Gunther  (1858,  p.  6)  recognized  a second 
species  of  the  genus  from  a single  specimen 
collected  by  Charles  Darwin  in  South  America. 
The  new  frog,  Pseudis  minuta,  was  distinguished 
from  P.  paradoxa  because  of  its  small  size  and 
longer  legs. 

Cope  (1862a,  p.  155)  described  a small 
aquatic  frog  from  Uruguay  as  a new  genus  and 
species,  Lysapsus  limellum,  which  differed  from 
Pseudis  paradoxa  in  the  presence  of  expanded 
disks  on  the  fingers  and  in  the  placement  of  the 
prevomerine  teeth  behind  the  choanae  (fingers 
simple  and  prevomerine  teeth  between  choanae 
in  paradoxa  and  minuta).  It  was  not  until  later 
in  the  same  year  that  Cope  (1862a,  p.  353) 
recognized  the  affinity  of  Lysapsus  with  Pseudis. 
This  was  occasioned  by  his  description  of  Lysap- 
sus mantidactyla  from  Buenos  Aires,  Argentina. 
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The  major  differences  between  L.  limellum  and 
L.  mantidactyla  were  in  size,  the  former  being 
about  the  size  of  P.  minuta  and  the  latter  ap- 
proaching the  length  of  P.  paradoxa.  Unfor- 
tunately Cope  makes  no  mention  of  the  condi- 
tion of  the  tips  of  the  fingers  or  the  position  of 
the  prevomerine  teeth  in  mantidactyla,  an  over- 
sight which  has  caused  considerable  confusion. 
Adding  to  this  confusion  is  the  fact  that  he  did 
not  explicitly  distinguish  Lysapsus  from  Pseudis. 

Steindachner  (1864,  p.  262)  inadvertently 
proposed  a new  generic  and  specific  name  for 
Cope’s  limellum  when  he  cited  a manuscript 
name  of  Fitzinger’s  in  the  synonymy  of  Pseudis 
minuta  (nec  Gunther).  This  generic  name, 
Podonectes,  is  a strict  synonym  of  Lysapsus 
and  its  montoype,  P.  palmatus,  is  the  same  as 
Cope’s  L.  limellum. 

Pizarro  (1876,  p.  34)  used  the  name  Ba- 
trachychthys  for  the  larva  of  Pseudis  paradoxus 
but  listed  no  specific  name. 

Boulenger  (1882,  p.  186)  placed  Lysapsus  in 
the  synonymy  of  Pseudis  and  recognized  para- 
doxa, minuta,  limellum  and  mantidactyla.  Mis- 
interpreting Cope’s  reference  of  the  last  named 
form  to  the  genus  Lysapsus  as  meaning  that  it 
had  disked  fingers,  he  divided  Pseudis  into  two 
parallel  series  each  with  a large  and  a small 
representative  ( paradoxa-minuta  group  and 
mantidactyla-limellum  group) . 

Garman  (1883,  p.  47)  distinguished  a new 
form,  P.  fusca,  collected  in  the  Rio  Arassuahy, 
Estado  de  Minas  Geraes,  Brazil,  which  he 
thought  allied  to  paradoxa  and  mantidactyla 
because  of  its  large  size.  The  species  differed 
from  those  forms  in  having  only  the  tips  of  the 
toes  dilated  (both  fingers  and  toes  dilated  in 
mantidactyla,  neither  fingers  nor  toes  dilated  in 
paradoxa,  according  to  Boulenger). 

Lutz  (1925,  p.  137)  recognized  a new  species 
from  Estado  de  Minas  Geraes,  Brazil,  as  Pseudis 
bolbodactyla.  This  frog  was  considered  to  be 
different  from  paradoxa  because  of  the  smaller 
size  and  dilated  condition  of  the  fingers  and 
toes.  Apparently  Lutz’s  paper  appeared  too  late 
for  inclusion  in  Miranda-Ribeiro’s  publication 
cited  next  below. 

Miranda-Ribeiro  (1926,  p.  27),  in  his  basic 
work  on  the  amphibians  of  Brazil,  presented  a 
review  of  the  genus  and  the  description  of  a 
new  form,  Pseudis  meridionalis,  from  the  Estado 
do  Rio  Grande  do  Sul.  Meridionalis  was  sup- 
posed to  be  allied  with  P.  limellus  and  differed 
from  it  only  in  the  absence  of  disks  on  the  fingers 
and  toes. 

Parker  (1935,  p.  510)  described  a new  frog 
from  British  Guiana  and  Bolivia  as  Pseudis 
laevis.  It  was  said  to  be  related  to  P.  limellum 


but  was  differentiated  from  it  because  the  skin 
was  smooth  instead  of  spinate. 

No  new  species  have  been  described  since  the 
publication  of  Parker’s  paper  and  no  one  has 
considered  the  relationships  of  the  seven  recog- 
nized forms. 

Status  of  the  Genus  Lysapsus 

Pseudis  as  generally  understood  consists  of 
two  rather  different  types  of  frogs.  These  two 
stocks  are  markedly  distinguished  from  each 
other  in  the  structure  of  the  digits,  the  rela- 
tionships of  the  skull  bones  and  the  condition 
of  the  pectoral  girdle.  The  differences  in  these 
features  between  Pseudis  paradoxus  and  Pseudis 
limellus  are  of  such  magnitude  and  variety  that 
generic  segregation  seems  warranted.  The  spe- 
cies paradoxus  is  the  type  of  the  genus  Pseudis 
and  the  first  generic  name  available  for  limellus 
is  Lysapsus. 

The  following  information  on  the  character- 
istics of  these  genera  and  their  family  position 
is  derived  from  study  of  a large  series  of 
limellus  and  paradoxus  from  Brazil  and  a cleared 
and  stained  example  of  each  species.  Fortu- 
nately most  of  the  features  of  importance  in 
this  group  can  be  discerned  without  complete 
dissection. 

Genus  Pseudis  Wagler 

Type  of  Genus.— Rana  paradoxa  Linnaeus, 
1758,  monotype. 

Diagnostic  Characters.— Fingers  simple;  toes 
somewhat  expanded,  webbed  to  middle  of  ter- 
minal dilations,  which  are  small;  terminal  pha- 
langes rounded,  not  claw-like.  Maxillary  and 
premaxillary  teeth  relatively  long,  pointed 
toward  the  center  of  mouth  and  in  an  oblique 
plane  to  roof  of  mouth;  prevomerine  teeth  in 
two  short  series  between  the  choanae;  palatines 
strong,  extending  medially  so  that  they  lie  be- 
hind the  prevomerine  tooth  patches.  Pectoral 
girdle  with  a partially  ossified  omosternum 
which  is  much  shorter  than  the  epicoracoid 
cartilages. 

Genus  Lysapsus  Cope 

Type  of  Genus.— Lysapsus  limellum  Cope, 
1862,  monotype. 

Diagnostic  Characters.— Fingers  and  toes  with 
well-developed  disks;  toes  webbed  to  base  of 
terminal  expansions,  which  are  relatively  large; 
terminal  phalanges  pointed,  claw-like.  Maxillary 
and  premaxillary  teeth  rather  short,  pointed 
downward  towards  floor  of  mouth  at  a vertical 
to  roof  of  mouth;  prevomerine  tooth  patches 
located  far  behind  choanae;  palatines  weak,  ex- 
tending to  a point  lateral  to  prevomerine  teeth 
and  on  a level  with  them.  Pectoral  girdle  with 
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an  entirely  cartilagenous  omosternum  which  is 
as  long  as  epicoracoid  cartilages. 

In  addition  to  the  differences  emDhasized  in 

i. 

the  diagnostic  characters,  these  genera  differ  in 
the  general  form  of  the  skull  (in  Pseudis  the 
snout  is  markedly  curved  anteriorly;  in  Lysapsus 
the  snout  is  not  as  curved) , the  shape  of  the  pre- 
maxillary and  its  anterior  and  posterior  projec- 
tions, the  form  of  the  prevomerine  bones  and 
their  relationship  to  the  choanae,  the  shape  of 
the  basal  portion  of  the  terminal  phalanges,  the 
size  and  shape  of  the  penultimate  phalanges,  the 
shape  of  the  omosternum  and  xiphisternum  and 
the  position  of  the  right  epicoracoid  cartilage. 
These  dissimilarities,  except  the  cranial  shape, 
are  illustrated  in  Text-figs.  1,  2,  3 and  5.  Pseudis 
paradoxus  has  been  reported  to  occur  in  locali- 
ties from  eastern  Venezuela  south  to  Paraguay 
and  Argentina.  Our  material  is  from  Sao  Luis 
de  Caceres,  Estado  de  Matto  Grosso,  Brazil. 
Lysapsus  limellus  appears  to  have  an  extensive 
range  in  western  and  central  Brazil  south  into 
northern  Argentina.  We  have  examples  of 
limellus  from  the  same  locality  as  cited  for  P. 
paradoxus,  Municipio  Monte  Alegre,  Estado  do 
Para,  Brazil,  and  the  lower  Madeira  River  in 
Estado  do  Amazonas,  Brazil. 

Allocation  of  Described  Species 

The  generic  position  of  the  other  recognized 
species  of  this  group  remains  to  be  determined. 
They  may  be  considered  in  the  order  of  their 
description. 

Gunther’s  (1858)  minutus,  now  known  to 
occur  in  the  Provinces  of  Entre-Rios,  Corrientes 
and  Misiones  in  Argentina,  Uruguay  and  Estado 
do  Parana  and  Estado  do  Rio  Grande  do  Sul  in 
Brazil,  may  be  placed  in  the  genus  Pseudis  on 
the  basis  of  the  simple  fingers,  the  complete 
webbing  of  the  toes  and  the  position  of  the  pre- 
vomerine teeth  between  the  choanae.  This  spe- 
cies appears  to  differ  from  P.  paradoxus  only 
in  size  and  longer  legs,  although  additional  ma- 
terial may  reveal  other  differences.  We  have 
seen  no  examples  of  minutus. 

The  description  by  Cope  ( 1 862a)  of  Lysapsus 
mantidactylus  is  far  from  adequate  but  various 
authors  have  assigned  specimens  from  southern 
Brazil  and  Argentina  to  this  form.  While  Cope 
makes  no  statement  regarding  the  structure  of 
the  fingers  in  his  species,  Boulenger  (1882), 
apparently  misled  by  its  reference  to  Lysapsus, 
concluded  that  both  the  fingers  and  toes  were 
disked.  In  this  assumption  he  has  been  followed 
by  all  subsequent  workers  including  Miranda- 
Ribeiro  (1926).  The  latter  author,  at  the  time 
of  the  publication  of  his  work  on  the  frogs  of 
Brazil,  had  seen  no  specimens  that  he  considered 
to  be  mantidactylus.  Later  he  did  obtain  ex- 


amples of  the  species  and  rewrote  his  description 
for  the  issuance  of  an  unpublished  second  edi- 
tion. A copy  of  this  manuscript  is  in  our  posses- 
sion and  in  it  Miranda-Ribeiro  points  out  the 
absence  of  disks  on  the  fingers  of  mantidactylus. 
He  also  mentions  that  the  tips  of  the  toes  in  this 
form  are  dilated  although  not  to  the  same  ex- 
tent as  in  L.  limellus.  This  latter  point  was  also 
made  by  Cope  in  the  original  description  but 
Boulenger’s  assumption  regarding  disking  of 
fingers  and  toes  has  obscured  this  fact.  All 
Brazilian  material  of  large  Pseudis  seen  by  us 
fits  Miranda-Ribeiro’s  revised  description  of 
mantidactylus  and  is  almost  certainly  of  Cope’s 
species.  It  should  be  noted  that  all  Pseudis  and 
Lysapsus  have  the  toes  expanded  at  the  tips. 
These  expansions  are  most  noticeable  in  L. 
limellus  but  are  also  present  in  P.  paradoxus, 
although  few  descriptions  mention  them.  In 
Lysapsus  the  finger  tips  are  enlarged  into  disks. 
Pseudis  is  without  disks  although  the  finger  tips 
may  be  slightly  swollen  (see  Text-fig.  5).  The 
swelling  of  the  terminal  portion  of  the  fingers  in 
P.  paradoxus  have  been  referred  to  in  the  litera- 
ture as  an  expansion  or  dilation.  Various  authors 
have  interpreted  this  to  mean  that  Pseudis  pos- 
sess disks  on  the  fingers.  This  is  not  true.  Appar- 
ently all  Pseudis  have  simple  pointed  fingers 
without  terminal  disks. 

While  no  material  of  P.  paradoxus  from 
northern  South  America  has  been  examined, 
no  differences  mentioned  in  the  literature  would 
separate  northern  paradoxus  from  Brazilian  ex- 
amples. Under  the  circumstances  it  seems  best 
to  regard  mantidactylus  as  identical  with  P. 
paradoxus.  The  reference  by  Muller  & Hellmich 
(1936,  p.  27)  of  Argentine  Pseudis  to  paradoxus 
supports  this  view. 

Garman’s  (1883)  description  of  Pseudis  fus- 
cus  is  apparently  based  upon  Minas  Geraes  ex- 
amples of  paradoxus.  He  also  refers  to  the  dila- 
tion of  the  toes  and  Miranda-Ribeiro  (1926) 
interpreted  this  as  meaning  that  they  were  disked 
as  in  limellus  and  different  from  P.  paradoxus. 
As  explained  above,  paradoxus  has  the  tips  of 
the  toes  slightly  dilated. 

Pseudis  bolbodactylus  Lutz,  1925,  is  based 
upon  material  from  the  same  general  region  as 
the  type  of  Garman’s  P.  fuscus.  Its  description 
differs  in  no  way  from  that  of  typical  Brazilian 
paradoxus  and  may  be  referred  to  the  synonymy 
of  that  species. 

Pseudis  meridionalis  Miranda-Ribeiro,  1926, 
was  originally  differentiated  from  L.  limellus 
because  of  the  simple  fingers.  This  form  is  dis- 
tinguished from  P.  minutus  by  the  presence  of 
spinous  warts  on  the  back  and  legs.  The  type 
locality  of  meridionalis,  from  the  Estado  do  Rio 
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Text-fig.  1.  The  pectoral  girdle  of  Pseudis  para- 
doxus (Linnaeus). 


Text-fig.  2.  Cranial  elements  of  the  roof  of  the 
mouth  in  Pseudis  paradoxus  (upper)  and  Lysapsus 
limellus  (lower).  Diagramatic.  Symbols  represent 
the  following  bones:  M,  maxillary;  P,  palatine;  Pa, 
parasphenoid;  Pm,  premaxillary;  Pv,  prevomer. 


Text-fig.  3.  The  pectoral  girdle  of  Lysapsus  limel- 
lus Cope. 

Grande  do  Sul,  Brazil,  is  within  the  known  range 
of  minutus,  examples  of  which  were  not  seen 
by  Miranda-Ribeiro  at  the  time  he  described 
meridionalis.  We  suspect  his  species  to  be  a 
synonym  of  minutus  but  until  the  type  of  meri- 
dionalis is  examined  the  species  is  given  tentative 
recognition. 

Pseudis  laevis  Parker,  1935,  was  described 
from  material  from  the  Rupununi  Savanna,  Brit- 
ish Guiana,  and  one  specimen  from  the  Rio  Beni, 
Bolivia.  This  form  seems  almost  identical  with 
limellus  except  in  having  smooth  skin  instead 
of  the  skin  on  the  back  being  covered  with  spines. 
In  his  discussion  of  the  ranges  of  these  forms 
Parker  states  that  limellus  is  restricted  to  the 
Paraguay-La  Plata  river  systems  of  southern 
South  America.  He  later  modifies  (1939,  p.  87) 
this  statement,  suggesting  an  Amazon  Basin 
distribution  for  the  species.  We  have  seen  no 
smooth-skinned  frogs  of  the  limellus  type  al- 
though we  have  material  of  limellus  (taken  in 
Municipio  de  Monte  Alegre,  Estado  do  Para, 
Brazil)  from  near  the  type  locality  of  laevis, 
and  Muller  & Hellmich  (1936,  p.  26)  have  re- 
ported it  from  the  Ilha  de  Marajo  in  the  mouth 
of  the  Amazon.  We  also  have  examples  of  spin- 
ate  Lysapsus  from  the  Rio  Madeira,  Estado  do 
Amazonas,  Brazil,  the  same  river  into  which 
drains  the  Rio  Beni,  the  second  locality  for 
laevis.  These  records  and  the  wide  gap  (Bolivia 
to  British  Guiana)  between  laevis  localities 
suggest  that  the  latter  species  might  be  based 
upon  non-spinate  limellus.  The  disked  fingers 
and  the  position  of  the  vomerine  teeth  leave  little 
doubt  as  to  the  generic  placement  of  Parker’s 
specimens.  Until  thorough  examination  of  criti- 
cal material  is  made,  we  tentatively  recognize 
laevis  as  valid. 
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Our  analysis  leaves  five  frogs  in  this  group. 
They  may  be  distinguished  by  the  following  com- 
piled key. 

la.  Fingers  without  disks,  toes  webbed  to  middle 

of  terminal  dilation,  prevomerine  teeth  be- 
tween choanae Genus  Pseudis 

2a.  Adults  40  mm  or  more  in  standard  length 

P.  paradoxus 

2b.  Adults  not  exceeding  35  mm  in  standard 
length. 

3 a.  Back  and  upper  surfaces  of  limbs  covered 

with  spinous  warts P.  meridionalis 

3b.  Back  and  upper  surfaces  of  limbs  smooth 
P.  minutus 

lb.  Disks  on  fingers,  toes  webbed  to  base  of 

terminal  dilation,  prevomerine  teeth  behind 
choanae Genus  Lysapsus 

4a.  Back  and  upper  surfaces  of  limbs  covered 

with  spinous  warts L.  limellus 

4b.  Back  and  upper  surfaces  of  limbs  smooth 
L.  laevis 

Phylogenetic  Relationships  of 
Pseudis  and  Lysapsus 
As  indicated  in  the  preceeding  section,  the 
frog  genera  Pseudis  and  Lysapsus  are  divergent 
in  a variety  of  morphological  characteristics. 
Pseudis  is  a strictly  aquatic  frog  but  Lysapsus 
spends  most  of  its  time  out  of  the  water  on 
floating  water  plants.  The  differences  between 
the  two  genera  both  in  structure  and  habitat 
might  seem  to  indicate  that  they  are  distantly 
related.  However,  in  spite  of  these  differences, 
Pseudis  and  Lysapsus  appear  to  be  closely  allied 
for  they  share  one  feature  which  appears  to  be 
unique  among  living  salientians.  Both  genera 
possess  a well  developed  accessory  phalanx  in 
all  fingers  and  toes.  This  structure,  analogous  to 
the  intercalary  cartilages  of  the  Hylidae,  Phryn- 
omeridae  and  Rhacophoridae,  forces  a reconsid- 
eration of  the  phylogenetic  position  of  these 
frogs. 

Disregarding  the  artificial  anuran  classifica- 
tions utilized  during  the  nineteenth  century  and 
restricting  our  inquiry  to  the  era  of  the  more 
natural  system  adopted  through  the  work  of 
Nicholls  (1916)  and  Noble  (1922),  as  modi- 
fied for  the  firmisteral  section  by  Parker  (1934) 
and  for  the  procoelous  groups  by  Davis  ( 1936) , 
we  find  that  Pseudis  (and  Lysapsus)  have  con- 
sistently been  referred  to  either  of  two  families. 
Noble  (1931,  p.  499)  placed  these  frogs  in  the 
Bufonidae  (sensu  lato)  in  association  with  Tel- 
matobius,  Cycloramphus,  Eleutherodactylus  and 
their  allies  in  the  subfamily  Pseudinae.  Accord- 
ing to  Davis  (1936)  this  assemblage  forms  part 
of  the  family  Leptodactylidae.  Most  authors 


cates  one  of  the  condyles. 

have  followed  the  Noble-Davis  familial  refer- 
ence of  the  genus.  However,  Parker  as  early  as 
1931  (p.  494)  pointed  out  the  occurrence  of  an 
“intercalary  bone”  in  Pseudis  and  suggested  the 
inclusion  of  the  genus  in  the  family  Hylidae.  In 
1935,  Parker  (p.  511)  again  emphasized  the 
importance  of  the  “intercalary  bone,”  again 
stating  that  Pseudis  could  not  be  a leptodactylid 
and  he  erected  a new  subfamily  within  the  Hy- 
lidae for  it.  Since  Parker’s  time  little  attention 
has  been  given  the  familial  position  of  this  group 
and  it  has  with  equal  frequency  been  referred 
either  to  the  Leptodactylidae  or  to  the  Hylidae. 

We  cannot  agree  with  either  Noble’s,  Davis’s 
or  Parker’s  family  allocations,  for  the  differences 
between  Pseudis  and  Lysapsus,  when  compared 
with  the  Hylidae,  are  very  pronounced,  and  the 
accessory  phalanx  so  completely  differentiates 
them  from  the  Leptodactylidae  that  a new  family 
seems  necessary  for  their  reception.  This  family 
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Text-fig.  5.  Diagramatic  representations  of  the  toes 
in  Leptodactylus  (I),  Pseudis  (II),  Lysapsus  (III) 
and  Hyla  (IV).  A.  Dorsal  aspect.  B.  Lateral  view. 
Homologous  phalanges  are  numbered  the  same  in 
each  type  with  the  accessory  phalanx  of  the  Pseu- 
didae  and  the  intercalary  cartilage  of  the  Hylidae 
contrastingly  marked.  Note  that  the  terminal  pha- 
lanx of  Lysapsus  is  not  numbered  because  of  its 
small  size.  This  element  corresponds  with  number 
3 in  the  other  frogs. 


belongs  to  the  suborder  Procoela  with  which  it 
agrees  in  having  no  ribs;  presacral  vertebrae 
eight  in  number,  all  procoelous;  and  coccyx  free, 
with  two  condyles.  The  family  may  be  described 
as  follows. 


Pseudidae,  New  Family 

Pectoral  girdle  arciferal,  omosternum  present; 
maxillary,  premaxillary  and  prevomerine  teeth 
present;  no  Bidder’s  organ;  a large  accessory 
phalanx  in  each  digit;  sacral  diapophyses  cylin- 
drical; skull  completely  roofed  by  bone;  thumb 
opposable  to  fingers. 

The  new  family  is  distinguished  from  the 
Hylidae  by  the  presence  of  an  accessory  phalanx 
and  cylindrical  sacral  diapophyses.  The  hylids 
have  a small  intercalary  cartilage  between  the 
last  two  phalanges  but  as  can  be  seen  in  Text-fig. 
4 the  relationships  between  the  intercalary  carti- 
lage and  the  phalanges,  and  the  position  of  the 
accessory  phalanx,  are  entirely  different  in  the 
two  families.  Further,  the  Hylidae  usually  have 
the  sacral  diapophyses  dilated,  but  in  a few  spe- 
cies they  are  cylindrical. 

In  the  nature  of  the  sacral  diapophyses,  the 
Pseudidae  show  closest  affinity  with  the  Lepto- 
dactylidae.  As  the  latter  group  is  badly  in  need 
of  revision  and  may  be  composed  of  several 
familial  units,  and  as  it  is  impossible  to  relate 
the  Pseudidae  with  them  except  in  a general  way, 
we  feel  fully  justified  in  segregating  Pseudis  and 
Lysapsus  in  a distinct  family.  Until  the  phylog- 
eny  of  the  “toothed”  Procoela  is  clarified  the 
Pseudidae  are  best  described  as  leptodactylids 
with  an  increased  phalangial  formula.  There  is 
ample  precedent  for  giving  groups  with  added 
phalangial  elements  familial  recognition,  for  the 
Hylidae  are  Leptodactylidae,  the  Phrynomeridae 
are  Microhylidae  and  the  Rhacophoridae  are 
Ranidae  in  which  intercalary  cartilages  have 
been  developed.  The  accessory  phalanges  char- 
acteristic of  the  new  family,  while  approximately 
similar  in  position  to  the  cartilages  in  the  sev- 
eral families  of  tree-frogs,  are  a different  struc- 
ture and  appear  to  have  been  evolved  for  an 
entirely  different  function.  In  the  arboreal  groups 
the  intercalary  element  helps  in  the  efficient  uti- 
lization of  the  digital  disks  as  an  aid  to  climbing. 
The  accessory  bone  of  the  Pseudidae  apparently 
arose  as  an  extra  element  for  the  elongation  and 
support  of  the  fingers  and  toes  as  an  aid  to 
swimming.  A similar  modification  has  been 
noted  in  many  acquatic  mammals  and  the  habits 
of  the  pseudid  frogs  fully  confirm  this  hypothe- 
sis. 

It  should  be  mentioned  that  we  have  regarded 
the  extra  element  in  the  digits  of  the  Pseudidae 
as  being  the  penultimate  phalanx  only  through 
comparison  with  the  condition  in  arboreal  frogs. 
Actually,  it  is  impossible  to  fix  with  certainty 
which  of  the  phalanges  is  accessory  without  em- 
brylogical  study. 

The  evolutionary  pattern  within  our  new  fam- 
ily seems  rather  simple.  Pseudis  paradoxus  may 
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be  regarded  as  the  primitive  type  because  of  the 
large  extra  phalanx,  fully  webbed  toes,  unmodi- 
fied terminal  phalanges,  curved  snout  and  the 
large  size.  In  all  these  features,  except  the  last, 
it  appears  to  be  fitted  for  an  almost  exclusively 
aquatic  existance.  The  significance  of  the  long 
finger  and  toe  supports,  complete  toe  webbing 
and  the  absence  of  terminal  disks  in  such  an 
aquatic  frog  is  apparent,  but  the  importance  of 
the  skull  shape  needs  explanation.  Among  the 
neotropical  aquatic  frogs  the  general  mode  of 
position  when  floating  is  at  an  oblique  angle  to 
the  water  surface.  Pseudis  usually  floats  in  a 
vertical  position  in  the  water  with  only  the  eyes 
and  nostrils  protruding.  The  curvature  of  the 
anterior  portion  of  the  skull  provides  for  the 
emergence  of  the  organs  and  makes  possible 
almost  complete  submergence  of  head  and  body. 
The  advantages  of  this  modification  to  a strictly 
aquatic  animal  are  obvious. 

Pseudis  minutus  appears  to  have  been  directly 
derived  from  paradoxus  or  a paradoxus-Mke 
ancestor.  It  may  represent  another  case  of  ar- 
rested development  where  the  primitive  form 
is  a large  species  and  its  derivative,  while  similar 
in  most  characters,  is  of  smaller  size.  The  longer 
limbs  credited  to  minutus  as  compared  to  para- 
doxus may  indicate  further  specialization  for 
aquatic  life.  Pseudis  meridionalis  appears  to  be 
closely  related  to,  if  not  identical  with,  minutus. 
If  valid,  meridionalis  may  prove  to  be  somewhat 
more  advanced  than  minutus. 

The  genus  Lysapsus  seems  to  have  arisen  from 
Pseudis.  It  may  have  evolved  directly  from  a 
large  form  similar  to  paradoxus  or  there  may 
have  been  an  intermediate  stage  similar  in  body 
size  to  P.  minutus.  The  change  from  Pseudis  to 
Lysapsus  all  appear  to  be  along  a line  of  in- 
creased specialization:  the  skull  has  flattened, 
the  webbing  of  the  toes  is  reduced,  the  additional 
phalanx  has  decreased  in  size  and  the  terminal 
phalanges  are  highly  modified  to  support  a well- 
developed  disk.  In  all  these  features  Lysapsus 
has  undergone  changes  to  fit  it  for  a less  aquatic 
habitat.  Lysapsus  spends  most  of  its  time  out 
of  the  water  hopping  about  on  the  surface  of 
floating  or  partially  submerged  plants.  In  its 
movements  the  highly  modified  digits  are  of 
value  in  providing  traction  on  the  slippery  plant 
surfaces.  Here,  then,  we  see  modification  of  the 
structures  of  a strictly  aquatic  frog  into  features 
parallel  in  general  appearance  and  use  to  those 
of  an  arboreal  group,  such  as  the  Hylidae.  The 
opposable  thumb,  characteristic  of  the  family 
and  of  use  to  Pseudis  in  grasping  floating  objects 
either  as  support  or  for  food,  and  an  aid  in  climb- 
ing in  Lysapsus,  is  strikingly  similar  to  the 
opposable  thumb  of  some  hylids.  As  can  be  seen 


from  this  discussion  we  regard  the  similarities 
between  the  tree-frogs  and  Lysapsus,  in  the  shape 
of  the  terminal  phalanges,  the  disk  and  the 
opposable  thumb,  as  well  as  the  accessory  phal- 
anx, to  be  the  result  of  a remarkable  but  not 
perfect  parallelism  in  structure  and  habitat. 

Within  the  genus,  L.  limellus  seems  most  spe- 
cialized, having  shorter  legs  and  spinate  skin. 
L.  laevis  has  slightly  longer  legs  and  a smooth 
skin,  indicating  a closer  affinity  to  strictly  aquatic 
Pseudis.  More  material  is  necessary  to  verify 
the  validity  of  laevis. 
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An  Ophichthid  Eel  in  the  Coelom  of  a Sea  Bass 

C.  M.  Breder,  Jr. 

The  American  Museum  of  Natural  History 
New  York  24,  N.  Y. 

(Plates  I & II) 


AN  object  which  had  been  taken  from 
the  body  cavity  of  a sea  bass,  evidently 
vCentropristis  striatus  (Linnaeus),  and 
which  was  submitted  to  the  American  Museum 
of  Natural  History  for  identification,  proved 
to  be  a “mummified”  ophichthid  eel.1  This  is 
clearly  a case  rather  similar  to  those  reported 
by  Deraniyagala  (1932)  and  Breder  & Nigrelli 
(1934)  for  two  other  ophichthids,  Ophichthus 
apicalis  (Bennett)  and  Myrichthys  acuminatus 
(Gronow)  respectively.  The  present  specimen 
is,  with  little  doubt,  referred  to  Omochelys  cru- 
entifer  (Goode  & Bean).  There  is  every  reason 
to  suppose  that  entry  was  obtained  in  the  same 
way,  that  is,  by  the  bass  gulping  down  the  eel 
and  then  the  eel,  in  trying  to  escape,  perfor- 
ating the  gut  and  backing  into  the  coelomic 
cavity  where  it  finally  expired.  From  that  point 
on,  it  induced  a foreign  body  reaction  on  the 
part  of  the  bass. 

This  individual  was  more  extended  than  the 
Myrichthys  above  noted,  which  was  found  as 
one  tightly  compressed  mass.  The  eel  as  re- 
ceived (PI.  I,  Fig.  1)  and  a radiograph  of  it 
(PI.  I,  Fig.  2)  are  shown  in  as  nearly  the  same 
position  as  possible.  The  origin  of  both  the 
dorsal  and  anal  fins  may  be  distinguished,  as 
well  as  some  of  the  “granular”  teeth  in  the 
quartering  view  of  the  head  in  the  radiograph. 
The  size  of  the  eye  and  the  overhanging  snout 
are  distinctive  (PI.  II,  Fig.  1).  The  investing 
membranes  of  connective  tissue  which  grew 
about  the  eel  as  a coelomic  reaction  to  a foreign 

1 Dr.  Florence  Wood,  to  whom  we  are  indebted  for 
this  specimen,  obtained  it  from  a retail  fish  market  in 
Avalon,  N.  J.  The  proprietor,  Mr.  George  Heitz,  who 
encountered  the  “object”  while  gutting  a sea  bass  from 
the  “pot-boat”  fleet  for  a customer  in  late  September 
of  1952,  thought  at  first  that  it  was  a wire  that  the  fish 
had  somehow  swallowed. 


body  have  been  left  intact  so  that  what  is  visible 
in  these  pictures  is  seen  through  them.  The  ob- 
ject had  simply  been  removed  from  the  fish  and 
permitted  to  dry,  the  membranes  drying  to  an 
amber-colored,  transparent,  celluloid-like  cov- 
ering. It  was  quite  odorless.  As  described  by  the 
finder,  it  was  hard  when  found  and  has  shown 
no  change  since  removal.  This  is,  of  course,  in 
agreement  with  the  previous  cases.  As  meas- 
ured, with  some  difficulty  because  of  the  curva- 
ture and  complete  rigidity,  the  total  length  is 
approximately  225  mm.  The  bass  from  which 
the  eel  was  taken  was  said  to  be  about  200  to 
230  mm.  in  total  length.  In  addition  to  the  fact 
that  the  proportions  indicate  Omochelys  cruen- 
tifer,  it  was  evidently  taken  not  far  from  the 
type  locality  of  that  species.  This  is  the  only 
species  in  the  region  which  has  been  reported 
from  the  body  of  a fish.  The  types  were  taken 
in  120  fathoms  at  39°51'  N.  Lat.,  69°28'  W. 
Long.,  while  Avalon,  N.  J.,  is  approximately 
39°7'  N.  Lat.,  74°  13'  W.  Long.  Goode  & Bean 
(1895),  following  their  description  of  the  spe- 
cies ( Pisoodonophis  cruentifer  in  their  usage) , 
wrote  as  follows: 

“The  peculiar  and  savage  physiognomy  of 
this  fish  suggests  at  once  the  idea  that  it  is  a 
parasitic  boring  form,  and  in  confirmation  of 
this  we  have  specimens  taken  by  fishermen  on 
Jeffery’s  Bank  and  also  from  New-Bedford, 
taken  by  Mr.  J.  H.  Thompson  from  the  body 
of  a fish.  We  have  occasionally  taken  the  dried 
and  shriveled  remains  of  a fish  apparently  close- 
ly related  to  this  from  salted  halibut  and  cod- 
fish.” 

When  the  above  was  written,  little  was  known 
about  the  significance  and  use  of  the  pointed 
tails  of  these  eels.  The  situation  is  evidently 
the  reverse  of  what  the  describer  thought,  the 
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eels  in  question  attempting  to  bore  their  way 
out  rather  than  in.  Actually  such  a “parasitic” 
eel  would  not  be  likely  to  be  trapped  in  the 
interior  of  a bass  in  such  a manner. 

The  state  of  preservation  of  this  specimen 
was  rather  remarkable,  as  may  be  seen  in  the 
photographs.  Where  the  connective  tissues 
which  had  grown  about  the  eel  were  thinly 
and  tightly  spread  over  it,  the  melanophores 
could  be  seen  showing  through  the  membrane 
as  intact  punctate  structures  (PI.  II,  Figs.  1 & 
2).  On  peeling  off  some  of  this  cover,  it  could 
be  seen  that  the  eel  was  a dark  brownish-tan 
with  no  particular  pattern,  the  melanophores 
being  scattered  rather  uniformly.  “Color  uni- 
form yellowish  brown,”  the  describer  wrote. 

The  fact  that  the  investing  membranes  were 
amber-colored  in  the  present  case  and  jet  black 
in  earlier-described  Myrichthys  could  be  due  to 
a variety  of  causes.  It  may  be  that  such  mem- 
branes darken  with  age.  Because  of  the  relative 
sizes  of  the  eel  and  the  bass,  the  swallowing 
and  sealing-off  here  reported  could  not  have 
happened  very  long  ago.  The  case  reported  by 
Breder  & Nigrelli  (1934)  may  have  been  of 
years’  standing,  as  the  eel  was  in  a large  Promi- 
crops.  Specific  differences  might  also  conceiv- 
ably account  for  the  color  differential. 

Perhaps  the  most  interesting  aspect  of  all 
these  cases  is  the  ability  of  the  fishes  to  survive 
with  eels  embedded  in  their  coelomic  cavities. 
Actually,  it  may  be  that  only  one  in  many 
thousands  does  survive  such  an  accident.  When 
it  is  realized  that  the  whole  eel,  including  its 
intestinal  contents,  is  sealed  off,  decontaminat- 
ed, and  made  sterile  and  inert,  it  would  seem 
that  some  physiological  activity  of  considerable 
interest  is  in  progress.  The  amount  of  foreign 
protein  alone  would  seem  necessarily  to  invoke 
a great  physiological  reaction,  and  the  decom- 
posing intestinal  contents  would  give  rise  to  a 
tremendous  antibody  development.  Since  all  in- 


stances of  this  kind  so  far  definitely  reported 
concern  percoid  fishes,  it  is  conceivable  that 
they  are  more  resistant  than  others  to  this  kind 
of  accident,  although  Goode  & Bean,  in  the  pre- 
ceding reference,  suggest  that  halibut  and  cod- 
fish might  likewise  survive  such  invasions. 
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EXPLANATION  OF  THE  PLATES 
Plate  I 

Fig.  1.  Specimen  of  Omochelys  cruentifer  as  re- 
moved from  the  coelom  of  a Centropristis 
striatus.  The  eel  is  hard  and  rigid,  as  are 
the  investing  membranes. 

Fig.  2.  Radiograph  of  above  specimen.  The  origin 
of  both  dorsal  and  anal  fins  is  clearly 
evident. 

Plate  II 

Fig.  3.  The  head  of  Omochelys  cruentifer  in  its 
connective  tissue  wrappings.  The  eye  and 
overhanging  snout  may  be  seen  through 
the  investing  membranes,  as  well  as  some 
facial  melanophores. 

Fig.  4.  A portion  of  the  mid-section  of  the  body 
where  the  punctate  melanophores  may  be 
seen  clearly  through  the  covering  mem- 
brane. 
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Pis.  I,  II 

Alfaro  cultratus,  32 
huberi,  32 

Allodontium  cubense,  27 
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Belonesox  belizanus,  25,  (1)  PI.  I 
Bidens  pilosa,  169 
Brachydanio  rerio,  53,  (3)  PI.  I 
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Dactylophallus  denliculatus,  27 
Danaus  plexippus  megalippe,  169 
Darienichthys  dariensis,  28 
Dendrobates  auratus,  79 
Dermochelys  coriacea  schlegeli,  83 
Didelphis  virginiana,  173 
Dinia  aegrus,  155,  (13)  Pi.  II 
Diphyacantha  chocoensis,  28 
Dryas  julia  julia,  (14)  PI.  V 

E 

Electrophorus  electricus,  183 
Emoia  cyanura,  90 
Eretmochelys  imbricata  squamata, 
82 

F 

Fundulus  heteroclitus,  37,  40 
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lemaitrei,  25 
nicaraguensis,  25 
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Girardinus  metallicus,  27 
Glaridichthys  uninotalus,  27,  (1) 
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Graptemys  oculifera,  137,  139-141 
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Heliconius  erato  hydara,  162 
Hemidactylus  garnoti,  87 
Hemiphylladactylus  typus  typus,  86 
Henneguya  elecirica,  187,  188,  (16) 
PI.  VI 

visceralis,  185,  186,  (16)  Pis.  I-V 
Heterandria  formosa,  26 
Helerophallus  rachowi,  25 
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Labrisomus,  117 

(Brockius)  siriatus,  120,  121 
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Sarcophilus  harrisi,  173 
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Xenophallus  umbralilis,  29 
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